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RICHARD B. RUSSELL PDJECT

SAVANNAH RIVER, GBORGIA AND SCUTH CARLINA

FINAL ONUNDTIM REPORT

CONCRET DAM, f4Q4WSA AND POWE1IOJSE

PTINENT DATA

LOCAICIN OF DAMITE

Savannah River, Georgia and South Carolina, 275.1 miles above the
mouth, 262.0 miles above Savannah, Georgia, 63.0 miles above Augusta,
Georgia, and 37.4 miles above Clarks Hill Dan.

DRAINAGE AREA Sq.are Miles

Above mouth of Savannah River 10,579
Above Augusta, Georgia 7,245
Above Clarks Hill Dan 6,144
Above Richard B. Russell darsite 2,900
Above Hartwell Dan 2,088
Between Richard B. Russell and Hartwell Dam 812

1'ESTIMATED NATURAL STREAMEOIIW AT DAMSITE c.f.s.

Mean discharge for period of record (31 years) 5,078
Miniumn discharge

Instantaneous (11 May 1961) 300
Daily (24, 25 September 1961) 340
Monthly (May 1961) 969

Maximun discharge
Instantaneous (25 August 1908) 114,000
Monthly (March 1952) 16,910

DESIG FLOWS c.f.s.

Standard project flood
Peak reservoir inflow 518,000
Maximun estimated outflow 360,000

Spillway design flood
Peak reservoir inflow 1,035,210
Maximun estimated outflow 801,500

LAKE ELEVATINS Feet, m.s.l.

Spillway design flood 490.0
Induced surcharge pool 485.0
Standard project flood 484.3
Flood control pool 480.0

z
xiii



PERTINEr DATA (Cont'd)

LAKE ELEVATICNS (Cont'd) Feet, m.s.l.

Maxium power pool 475.0
Average power pool 473.0
Minimum power pool 470.0

RESERVOIR AREAS Acres

Standard project flood, elevation 484.3 31,770
Flood control pool, elevation 484.3 29,340
Maximum power pool, elevation 475 26,653
Minimum power pool, elevation 470 24,117
Limits of clearing, elevation 477 - elevation 465 5,880
Limits of clearing, elevation 465 - elevation 430 11,890
Limits of clearing, below elevation 430 7,540

RESERVOIR STORAGE VOLUMES Acre-feet

Spillway design flood, elevation 490 1,488,155
Standard project flood, elevation 484.3 1,305,000
Flood control pool, elevation 480 1,166,166
Maximu power pool, elevation 475 1,026,200
Mininun power pool, elevation 470 899,400

ALLOCATED STORAGE VOLUMES Acre-feet

Flood storage, elevation 475 - elevation 480 140,000
Power storage, usable, elevation 475 126,800
Surcharge storage, elevation 480 - elevation 490 322,000

TAILWATER ELEVATIONS Feet, m.s.l.

Spillway design flood (801,500 cfs) 356.0
Standard project flood (360,000 cfs) 343.0
Maximum pool of record 331.0
Four units operating at average head 327.5
Maximum static condition 312.0

DAM

Type: Concrete gravity and earth enbankment
Length, feet

Concrete section 1,883.5
Earth enbankments 2,632.0
Saddle dike 1,100.0

Elevations, m.s.l.
Top of dam 495.0
Streaibed 300.0
Spillway crest 436.0
Top of tainter gates, closed 481.0

Cxiv
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PERTINENT DATA (Cont' d)

DAM (Cont'd)

Freeboard, feet 5
Height, maximmn, feet

Concrete section 205
Earth embankment 160

Top width, maximn, feet
Concrete (nonoverflow) 20.7
Earth embankment 20.0

Side slopes, earth embankment
Upstream 1V on 3H
Downstream 1V on 2.5H

spillway
Type: Concrete gravity ogee
Gross length, feet 590

Clear opening, length, feet 500
Tainter gates, number, width, heights 10-50'x 45'
Type of bucket flip
Radius of bucket, feet 50

Bucket lip, elevation m.s.l. 357.25
Intake section
Length, feet
Conventional units 284.0
Pumped storage units 315.5
Total 599.5

Intake invert elevation m.s.l. 370.0

PWCERPLANT EQUIPMENT

Initial units, number 4
Ultimate units, number 8*
Net operating head, maximun, feet 162
Average operating head, feet 144
Minmmin operating head, feet 134
Assumed head losses, feet 1
Turbine capacity per unit, hp, Average head 104,OUO
Maxmzn discharge per unit at minimum head, cfs 8,000
Unit spacing, feet

Conventional units 71
Pump units 80
Transition spacing 75.5

Type of turbine Francis
Elevation of distributor 300
Elevation bottom of draft tube

Conventional units 257
Pump units 250

Draft tube exit elevation, conventional and pump units 265
Length of draft tube, feet 71
Generator capacity per unit, kW 75,000
Initial installation, total kW 300,000

xv



PERTINENT DATA (Cont 'd)

- POqER PLANT EQUIPMENT (Cont'd)

Ultimate installation, total kW 600,000
Dependable capacity, initial installation, kW 300,000
Generator rating (95 percent pf), kVA 78,947
Generator speed, rpm 120
Generator voltage, kV 13.8
Transformr rating, kWA, Two 3-phase, each 182,000
Transformer voltages, kV 13.2 to 230
Average annual energy, million kwh

At site 464.5
Prim 365.0

* Provisions have been nmde for the future installation of four 75,000 kW
pump turbine units which will provide an additional 300,000 kW of capacity.
An extensive system of rock bolting and rock anchorage was implemented for
adding stability against uplift forces acting against the bases of units-5,
6, 7, and 8 (the future imtor-generator bays). References to this special
anchoring treatment are found throughout this text.

QUANTITIES

Concrete dam (nonoverflow and spillway)
Excavation, camon, cy 70,000
Excavation, rock, cy 105,000
Excavation, dredged, cy 209,000
Mass concrete, cy 562,000
Concrete, spillway piers, and training walls, cy 22,100
Concrete, terminal cone retaining wall 950
Reinforcing steel, lb. 3528,000
Tainter gates and enbedded mtal, lb. 2475,000
Stoplogs and guides, b. 324,000
Sluice gates and entedded mtal, lb. 290,000
Miscellaneous steel, lb. 18,000
Galvanized steel, lb. 26,000

Concrete dan (power intake section)
Excavation, ccmnon, cy 19,000
Excavation, dredged, cy 212,000
Excavation, rock, cy 95,000
Mass concrete, cy 338,000
Concrete, intake headwork, cy 76,000
Reinforcing steel, lb. 4,446,000
Galvanized steel, lb. 45,000
Intake gates and guides, lb. 1,464,000
Trash racks and guides, lb. 1,483,000
Bulkheads and guides, lb. 440,000

NDTES: (I) All elevations in this report refer to feet above nean sea
level.

(2) Period of record August 1896 to present. Maximum discharge at
Calhou Falls, South Carolina, was computed for flood of 25
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PERrIET DATA (Cont' d)

August 1908 as being 114,000 cfs. Maxinum stage known since at least 1896,
that of 25 August 1908, see U.S.G.S. Surface Water Records of Georgia 1969.

xvii



1.0 INrROKTION

1.1 Location and Description of Project: The Richard B. Russell Dan is
located on the Savannah River near Calhoun Falls, S.C., 63 miles above
Augusta, Georgia. It is 37.4 miles above Clarks Hill Dan and 29.9 miles
below Hartwell Da (see Figure 1). The Richard B. Russell Dam and Lake is a
multipurpose project designed to provide hydropower, some flood control,
recreation, and has a potential for water supply. The dan consists of a 195
foot high, 1,884 foot long concrete gravity structure (approxidmtely 1.1
million cubic yards of concrete in 32 monolithic segments) flanked by two
earth erbaniaents (approximately 2.9 million cubic yards of zoned material.)
The Georgia embankment is 2,180 feet long and the South Carolina enbankment
is 460 feet long. Within the powerhouse are four 75-megawatt conventional
units and space for four 75-megawatt pump units. The project is designed as
a peaking plant, with an installed capacity of 600 megawatts.

A general plan of the project is shown on Plate 3. The project plan
provides for a maximum power pool at elevation 470 feet; spillway design
flood pool is elevation 490. Tailwater elevations are: spillway design
flood, 356; standard project flood, 343; and average operation (four units
at average head), 327.5. The top elevation of both the concrete structure
and the earth embankments is 495.

The concrete dam includes a spillway section containing ten tainter
gates, an intake section, and a powerhouse containing the aforementioned 75
megawatt units.

The enbankments are of rolled-fill construction. The Georgia (right)
efbankment extends 2,180 feet in a southwesterly direction. The South
Carolina (left) embankment trends in an easterly direction for a distance of
approxinately 460 feet. Both of the embankments tie-in to the adjacent
terrain (valley slopes) at elevation 495. Also located on the South
Carolina (east) side of the dam is a 1,100 foot long saddle dike. Of
similar constrtion to the earth embankments, the saddle dike was used to
fill a swale or low-lying area of South Carolina State Road 269.

In addition to the generation and water retention structures, there were
several highway and railroad bridges constructed for the project. Bridges
which were founded on rock include the R-1 bridge, where the SCL railroad
crosses the Savannah River, the Highway 72 bridge between Georgia and South
Carolina, and the Georgia 368 - South Carolina 184 bridge near Iva, South
Carolina.

1.2 Construction Authority: Basic project authorization is contained
in the Flood Control Act of 1966 - Public Law 89-789, 89th Congress HR
18233, 7 November 1966. Authorization to include minimum provisions for the
future installations of purped storage facilities was granted by the
Assistant Secretry of the Army in January 1977. Section 182a of the Water
Resources Development Act of 1976 amended the authorization for the Richard
B. Russell project contained in Section 203 of the 1966 Act by deleting the
phrase which precluded the inclusion of pumped storage power as a part of
this project and as a result design proceeded based-on providing
installation of pumped storage. House Document No. 97-35 dated March 19,

S1981 was presented to the 1st Session of the 97th Congress by the Assistant
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Secretary of the Army. This report was furnished to Congress to advise them
of the Chief of Engineers' analysis and intention of proceeding with the
construct ion of pumped storage hydropower facilities.

1.3 Purposes of Report: The purpose of this report is to provide a
sumry record of the actual geological conditions encountered during
construction of the dam, powerhouse, and embankment foundations; the
geotechnical methods and processes utilized to insure adequate foundations;
and of any conditions which might lead to problems in the future.

1.4 Project History: Construction of the project began with the award
of the contract for construction of the west access road to the A.J. Kellos
Company in Novefber of 1974. This road, which connects the Bobby Brown Park
road to the damsite, was coIpleted in 1975.

In Decerber 1975, Southeastern Highway Contracting Ccmpany was awarded
the contract for first stage diversion of the Savannah River. They were to
excavate a channel into rock west of the intended concrete damsite,
construct a bridge across the channel, build cofferdams upstream and
downstream of the site, and divert the river through the new channel.
During excavation, work was slowed by discovery of a prominent fault which
crosses the west enbankment area. This fault is described in detail in the
Design Earthquake Report (1977) and will also be covered in Section 7.I-EE
of this report. First stage diversion was accomplished in Spring 1977.

In August 1977, Lane Construction Corporation of Meriden, Connecticut
was awarded the contract for excavation of the concrete dam and powerhouse
area. In order to expedite the construction schedule, this phase of the
work had been left as a separate contract prior to setting of powerhouse
grade and completion of concrete dam design. Excavation began on the east
abutment (Monoliths 27-32), then on the west abutment (Monoliths 1-7), then
into the intake (Blocks 8-15) and spillway (Blocks 16-26) areas as work was
being completed on the east abutment. Excavation in the pvwerhouse area was
being completed as the concrete dam contractor was beginning his trestle
construct ion.

Final elevations in several areas of the excavation were revised as
construction progressed. These areas included Monoliths 2 and 3 (where a
shallow pocket of decomposed rock was removed with a backhoe), Blocks 16-21,
(underlain by a relief joint filled with decomposed rock materials 3 to 5
feet below design grade), and Blocks 26-30, where clay-filled joints and a
wide shear zone affected rock quality. Monoliths 27 and 28 required the
most extreme lowering, being excavated 15 to 38 feet below original design
grade. The work on these two blocks was completed under modification after
excavation of the powerhouse area, in the summer of 1979. These changes are
depicted on Plates 13 and 16.

Tha concrete dam contract was awarded to Dravo-Groves (a joint venture)
in May of 1978. Preliminary site work began soon after the notice to
proceed was issued on 16 June 1978. The batch plant (four, 4.5 cubic yard
mixers) was built just west of the erection bay. Aggregate handling
facilities were built (some blating was necessary) in the present
switchyard area, and a trestle system was begun in the Geogia abutment areaCwith footers 85 and 121 feet downstream of the dam axis.
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Suitable matei-ial for aggregate (for the most part identical to the
foundation rock types) was located north of the S.C. 269 saddledike
location, less than a mile northeast of the dan. The quarry was developed
and tested in the fall and winter of 1978 and aggregate production began in
January 1979. The original crusher setup, which depended on a roller
crusher, was inefficient and had to be replaced in the middle of
construction. This change is described in the Concrete Report.

By March 1979, the trestle system had been extended into the intake
blocks, a few monolith foundations were being prepared, and the batch plant
was ready to produce mass concrete. Where foundation relief varied by more
than 5 or 6 feet, "plug pours" ware usually made to level-up the placement
area. The first mass concrete in the dam structure area was placed in the
Monolith 2 plug pour on 19 March 1979. The last placement on a rock surface
was ccmpleted in Block 32 on 15 February 1981.

Drilling and grouting operations for the concrete dam foundation began
in December 1980, and continued through October 1981. A single line, 3 zone
curtain, 120 feet deep having holes on 5-foot centers was installed. Some
split-spaced holes between those centered every 5 feet ware also grouted.
Problem which complicated or delayed this work were: leaks through the
concrete onto the gallery floor, leaks through the concrete dan into the
earth embanknent areas, and interception of the inverted plumb bob in
Monolith 26 with a grout hole. The contractor experimented with a down-the-
hole percussion type hammer in drilling the foundation drain holes, but when
this proved inefficient, he completed the remainder with rotary equipment.
The rock (especially the metadacite) proved to be very hard to drill, making
plug bits less economical than coring bits. The subcontractor (Boyles
Brothers) experimented extensively with different types of bits, finally
settling on impregnated coring bits. Refer to Plate 50 for details of drain
and grout hole drilling.

Instrumentation was installed throughout the job. Difficulty was
experienced in getting drills positioned for drilling inverted plumb bob,
uplift cell, and deflectcmeter holes due to the uneven foundations. These
holes (with the exception of the deflectcmeter holes) ware drilled by
subcontractors, making scheduling a problem for the contractor. If they
ware drilled before foundation work, rock removal could cut as much as 5
feet from the original drilled depth. If the foundation was prepared first,
drilling could delay concrete placement. Finally, the contractor decided to
do sate rock removal in the general area of the holes prior to drilling
them. Instrumentation that was installed included 33 uplift cells in Block
7, 10 cells in Block 10, 33 in Block 23, 10 in Block 26, 19 in Block 27, 23
in Block 28, and 6 in Block 29; plumb bobs and inverted plumb bobs in
Monoliths 16 and 26, and deflectometers (1 each) in Monoliths 27 and 28.
The deflectoneters we installed in the foundation with a stub-up to
gallery level. Then concrete was placed to full height with a 6-inch
blockout around the deflectometer location. After this, the deflectometer
was assembled and installed from the top of the dam, connected to the stub-
up in an opening left in the gallery for this purpose, and the block-out
grouted up. All work in the concrete dam was considered essentially
complete in June 1982.
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1.5 Location of Structure: The concrete dan is positioned
perpindicularly across the Savannah River channel. Blocks 1-9 are set into
the old Georgia riverbank, and Blocks 27-32 are set into a bluff which was
the old Soah Carolina riverbank. Intake Blocks 8-16 and spillway Blocks
16-26 span the old riverbed. The powerhouse is located immediately
downstream (south) of the intake area. The concrete structures are situated
between the Georgia and South Carolina earth entXnt ts, both of which are
founded well above the old riverbed elevation. The earth embankments trend
generally in a northeasterly-southwesterly direction, whereas the concrete
structures follow a nearly east-west alignment. The deepest part of the
river channel was in the vicinity of Blocks 20-22. These spatial
relationships are depicted on Plate 3.

1.6 Contractors, Supervision, and Quality Control Organizations: The
A.J. Kellos Company built the West Access Road. The Project Manager/Job
Superintendent was Mr. McCord.

The contractor on the first stage diversion contract was Southeastern
Highway Contracting Company of Gainesville, Georgia. James E. Trammel
served as Project Manager/Job Superintendent.

Lane Corporation of Meriden, Connecticut was the contractor for the
concrete dan and powarhouse excavation contract. The Project Manager/Job
Superintendent was Mr. Darrel Emig. The Quality Control Organization
consisted of the Quality Control Chief, Mr. Robert Halpin, and members of
the supervisory staff, primarily Mr. H.W. Anderson and Neil Armstrong.

The concrete dan, as well as the earth embankments, were built by Dravo-
Groves, (a joint venture of the Dravo Corporation of Pittsburg, Pennsylvania
and S.J. Groves and Sons of Minneapolis, i nrmsota). Excavation of the cut-
off trench beneath the earthen portions cf the dam was also handled under
this arrangement. The Dravo Corporation was responsible for supervision and
operation of the construction forces. The project manager was Mr. Joseph J.
Smith. The Job Superintendent was Charlie Ramsey. The Quality Control
Organization was composed of the Quality Control Chief, Doug Sickle, and
members of the contractor's and subcontractor's supervisory staff.
Foundation and instrumentation work weare monitored by Mr. Sickle, J.C.
Wallis, Jim Adkins, and Roy Stone of Dravo. Grouting and all drilling
operations ware monitored by Steve Hall of Boyles Brothers (subcontractors).
Installation of instrumentation in the dam was monitored by Andy Anderson of
Martyn Brothers (subcontractor).

The joint venture of Replublic-Crowder was awarded the powarhouse
construction contract in August of 1981. Same modification to the
previously excavated foundation surface was also handled by this concern.

1.7 Key Resident and Design Staff:

Key Resident Staff: Resident/Area Engineer Jim B . Lloyd 1976-1982
Asst. Resident Engineer Clyde R. Orr 1977-1979
Asst. Area Engineer James E. Evans 1979-1982

Project Geologists Robert H. Stephens 1976-1977
James E. Hastings 1977-1978
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Project Geologist Timothy A. Pope 1979-1982

Staff Geologists Timothy A. Pope 1978-1979
Mary Lou Fagan 1979-1981
Charles H. Corbs 1981-1982

Technicians Jack Ford 1978
Thonas B. Keane 1979-1980
James R. Zanders 1980-1982

Key Design Staff: Geologists Robert S. Stansfield 1976-1979
Charles M. Deaver 1974-1979
Earl F. Titcarb, Jr. 1961-1985
Ron M. Rhodes 1978-1979

Engineers Ben C. Foreman 1974-1984
Tan Durrence 1982
John Hager 1984
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2.0-CD CONCREIE DAM FaONDATION EXPLORATIONS (PRIOR TO COMNSTION)

I A number of subsurface exploratory program ware carried out prior to
constrution. Among these ware:

2.1-CD Site Selection: Borings A-i through A-18: These borings ware
located along a baseline designated by the letter "A" which at one tim was
being considered as a potential axis for the concrete dan. Drilling of
these borings was carried out between February and June of 1968.

Borings B-2, B-4, B-5, B-6, B-7, B-8, B-10, B-12, B-13, and B-15: These
borings were located along a baseline designated by the letter "B" which
also was under consideration as a possible dam axis. Drilling of these "B"
prefixed borings occurred between March and May of 1968.

Borings C-i through C-24: These borings were taken along a baseline
designated by the letter "C". Drilling was conducted between March and June
of 1968. Baseline "CO, with slight modification, ultimately became used as
the concrete dam axis.

Borings 1, 2, 3, and 4 ware also drilled in conjunction with the site
selection process and their locations ware relative to baseline "C". These
ware ccpleted during October and November 1964.

Borings PF-1, PF-2, PF-3, PF-3A, PF-4, PF-6, PF-7, and PF-8 were drilled
relative to baseline "A" in November and December 1961.

Borings PQ-1, PQ-2, PQ-3, and PQ-4 ware drilled between November and
December of 1961 in an investigation of potential quarry sites for rock
aggregate.

Geophysical testing such as cross-hole sonic velocity measurernt and
Schmidt Hammer rebound testing was also performed, the results of which are
presented under Section 3.5: "Engineering Characteristics of the Bedrock
Materials".

Plate 4 shows the linear arrangements of the potential baselines once
considered for the concrete dam.

2.2-CD General Design: Following selection of baseline "C" as the
approximate location of the dam axis, a number of additional borings ware
made, the locations of which were relative to this baseline. Borings C-25
through C-96, drilled between September of 1968 and August of 1969 are among
these.

Other investigations, which concern the enmankments, saddle dike,
service-road fill, powerhouse, and potential borrow areas will be
highlighted later in this text.

2.0-EE EARTH R4BW40T EXPLORATIONS (PRIOR TO CONSTRWLTION):

2.1-EE Foundation Explorations: The foundations for the Georgia and
South Carolina enbankments ware explored by 90 and 51 borings, respectively.r Also, on the South Carolina side, 11 additional borings ware drilled in the
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area of the service road embankment and 7 borings drilled along the axis of
the saddle dike. Locations of all borings made for the Georgia and South

4 Carolina embankment foundations are among those shown on Plates 58 and 59,
respectively. The majority of the borings were continuously split-spooned
through the overburden to refusal and then core drilled to obtain either
2.5-inch or 4-inch core samples. Selected 3 and 5-inch Shelby tube
undisturbed samples were obtained frm the overburden soil for laboratory
testing. Selected 4-inch core samples ware obtained of the saprolite
(intensely wathered rock) and wrapped in cheesecloth and coated with wax to
preserve them for laboratory consolidation and triaxial testing. Of the
core borings, 43 ware hydraulically pressure tested. In addition, the deep
diversion channel excavation crossing the proposed alignment of the Georgia
embankment served as an excellent inspection trench by exposing to view some
of the rock types, geologic structures, and rock weathering that would be
encountered in the cutoff trench.

2.2-EE Materials Explorations: A total of 182 borings and 15 backhoe
test pits ware made in the search for impervious borrow. Borings were made
by hand auger, standard split-spoon, "square" or Vicksburg type auger, and
spiral auger. "Four-by-five" double-tube core borings ware made in attempts
to locate intensely weathered rock. Soil-type borrow material was sampled
with the hand auger, the split-spoon sampler, and "square" auger. The
intensely weathered rock (saprolite) was sampled with spiral augers to
determine the probable depths to which ripping could be accomplished. From
the explorations conducted for the excavated diversion channel it was found
that the spiral auger sampling provided a fairly good indication as to the
depths of rippable material. Jar samples were taken in the borings for
determination of in-situ moisture content, and bulk samples were obtained
for laboratory testing. The river sand was investigated by standard split-
spoon borings. Furthermore, an extensive test fill program was conducted
for the impervious soil borrow and the sand in the dredged sand stockpile.

2.3-EE Groundwater Investigations: Groundwater levels recorded in
exploratory borings showed that the groundwater at the site were effluent to
the Savannah River. On the Georgia side, the water table was found to be
above, or coincident with, the top of rock. On the South Carolina side,
where the topography is steeper, the water table was generally found to be
coincident with or below the top of rock.

2.4-EE Laboratory Investigations: Jar and bulk samples from the
proposed impervious borrow area, bulk samples of the intensely weathered
rock and dredged sand, and jar and undisturbed samples from the embankment
foundations ware tested in the South Atlantic Division Laboratory.
Mechanical and hydrometer analysis, moisture content, and Atterberg limits
ware performed on the jar samples. In addition to the above tests, the
following tests ware performed on bulk samples of impervious and intensely
weathered rock: standard compaction, consolidation, permeability, direct
shear, and triaxial compression. Additionally, x-ray diffraction, pinhole
erosion and Soil Conservation Service laboratory dispersion tests ware
perfored on the impervious borrow material. Tests on the dredged sand
included mechanical analysis, specific gravity, standard and modified
compaction tests, "axim um-minimm density tests, pereability, direct shear,
and triaxial caipression.
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2.5-EE Dynamic Analysis: The proposed embankments were subjected to a
dynamic stability analysis perfomed by the Waterways Experiment Station

& utilizing results from exploratory drilling, sampling, and field geophysical
sturii- . Undisturbed samples were obtainea from the foundation residual
soil and saprolite and from test fills ccnstmxced of ipeprvious material
and dredged sand for appropriate dynamic testing. Bulk samples of the
impervious, intensely weathered rock, and dredged sand ware also obtained
for appropriate dynamic testing. Dynamic testing of the materials was
conducted at the South Atlantic Division Laboratory.

2.6-EE Clay Seams Study: The excavation for the concrete dam in the
South Carolina abutment exposed mud and clay-filled seams in the rock. The
seams first appeared as the excavation was approaching initial design grade,
and it appeared that seams might be found below grade. Through the use of
the exploratory borings and field inspections of the excavation as the
nxoliths reached design grade, the problem of the clay seams was carefully
evaluated and addressed to ensure adequate and safe foundations for the
concrete structure. Based on extensive field and laboratory investigations,
it was concluded that the clay seams were not very continuous and did not
pose a threat to the integrity and safety of the earth embankment. Because
of the presence of the clay seams, the possibility of a portion of the
abutment immediately upstream of the embankment sliding into the reservoir,
and creating a wave which might overtop the dam was evaluated. But
considering the facts regarding the clay sears, and since the abutment will
be inundated by the reservoir, such an occurence was considered a near
impossibility. However, because there appeared to be a considerable number
of seams in certain areas of the steeply dipping foundation for the
downstream terminal cone, stability analyses ware performed for the terminal
cone assuming clay seams were completely continuous through the foundation.
The analyses reinforced the conclusion that the clay seams pose no threat to
the embankment.

2.7-EE Filter Tests: Laboratory filter tests were conducted by WES to
establish the adequacy of the proposed sand as a filter, both in regard to
its internal stability and its effectiveness in protecting the impervious
core material. For conservatism, these tests utilized some of the finest
core material and some of the coarsest sand. The tests indicated that
stockpiled sand wuld adequately protect and filter the impervious core
material.

2.0-PH POWYMHUSE FUNDATION EXPLORATIONS (PRIOR TO COWT ION)

2.1-PH Previous Investigations: Geologic investigations made prior to
construction are described fully in Design Memorandum 8 - Geology, General
Design Memorandum 1, and Design Memorandum 12 - Materials. Geologic
conditions of the project are described in detail in Section 3.0 of this
report, and summaries of the geologic/geophysical testing programs may be
found in Section 3.5 and Appendix A of this report. The 1977 COE report
entitled "Geological Seismological Evaluation of Earthquake Hazards at the
Richard B. Russell Project" covers in detail the regional and local
seismicity of the project area and an evaluation thereof.
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3.0 GLOGY

3.1 Begional Geology: The Richard B. Russell Project is in the
Piedmont Physiographic Province. The area is broadly rolling with generally
long, rounded stream divides. In the Southeastern Piedmont, the country
rocks are cummonly interbedded, mtamorphosed, volcanic, and sedimntary
units intruded by dikes and sills. After deposition, these rock layers were
folded, faulted, and metamorphosed in several tectonic and metamorphic
events. Plutons and dikes intruded the rock mass after metamorphism.

The lower Piedmont in Georgia and South Carolina can best be
characterized as a series of NE-SW trending bands of alternating high and
low grade metamorphic rocks (see Figure 2). Folding in these rocks is
complex and variable with major fold axes trending NE-SW. The lower grade
bands are usually mtamorphosed to greenscbist grade, with well-preserved
depositional features common in sedimentary and som pyroclastic rocks. The
low-grade bands are called the Carolina Slate Belt and Kings mountain Belt.
The Little River Series of Georgia (type locality is the Little River area
on Clarks Hill Lake) is a continuation of the Carolina Slate Belt. The
higher-graded bands (usually amphibolite grade) are referred to as Charlotte
Belt rocks. n these rocks, preserved depositional features are uncomon,
with metamorphic foliation the dominant fabric in pelitic rocks.

Faulting in the region was summarized in the Design Earthquake Report
(CCE, 1977) and Table 1 lists information on the faults of major interest.
Some of these are shown in Figure 3 and none of them is considered to be
active. Due to the presence of faults and location of the project within
170 miles of the Charleston earthquake of 1886 and occurrences of minor
tremors in the vicinity, the dam was designed to withstand an earthquake of
5.5 Richter force with a shallow hypocenter at the damsite. The seismic-
defensive design resulted in more complex zonation in the concrete edifice,
a conservative approach to foundation preparation, and increased
instrumentation.

3.2 Site Geology:

a. Physiography: The Savannah River Basin is long and relatively
narrow. The Richard B. Russell Lake extends from the dam approximately 29
miles upstream, almost to Hartwell Dam. Maximum width at any point is
approximately 3 miles.

The concrete dam is located in a bend of the river in the head waters of
Clarks Hill Lake. The river width at the damsite is approximately 1000 feet
at elevation 330 MSL. The Georgia riverbank is somewhat lower than that in
South Carolina, necessitating a 2180-foot long west embankment. The South
Carolina abutment of the concrete dam is located on a high bluff with only a
460-foot embankment needed to impound the lake. Maximum relief at the site
(above the old riverbed) is about 250 feet. 'Me lake is approximately 175
feet deep at its deepest point.

b. Description of Overburden: The Richard B. Russell area typically
has a normally developed soil horizon, but in some areas the A horizon is
absent and the B horizon attenuated. Residual soils vary in color from

Cyellow or tan to dark red. The most coamon residual soil type is a brick
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TABLE I

FAULTS STUDIED It] TIlE DESIGN EARTHQUAKE REPORT

IINIMUM
NAPPED

LENGTII PRIOBABL,IE AGE:
FAULT (II1) FAULT TYPE mHAX) (filM) STRIKE APPROX LOCATION FROM DAMSITE

79 1. Thrust Ila o-Zoxc late Devonian NE-SW 30 miles SE
2. Strike-slip to Permian

Lownde.svlle 160 Questionable Paleozoic late Devonian NE-SW 15 miles NW
Right Latural
Strike-Sl ip

BrevarJ 450 1. Right Lateral Paleozoic Late Devonian NE-SW 75 miles NW

Strike-Slip
2. Dominantly

Dip-slip

Belair 1 uit 13 Reverse 'jo U.Y.B.P, Quaternary NE-SW 50 miles SE-West of Augusta, GA

Patt.riun
Branch 4.5 Normal i,r Thrust rlesoz,Ic NE-SW McCormick Co, SC approx 12 mi SE

DiverS i,01
Chann .! i'ult 4 li Thrust iY5 ;.Y.i.i 2 11) j.Y.U.P N-S Under west embankment
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red, readily erodible milt with a variable sand copoent. most samples

taken during esploration wer cl'sified am 34, SC, ML, or CL. SiI Jca
area, but is usually poorly developed comared to that occurring in the
Lincolaton, Georgia area.

*Ainvin is confined primarily to the riverbed and its margi. River
san isnoraly afailyclam send copoed inetly ofsubrcqzided quartz

particles with sate mica flaks and feldspar fragments. Said and rounded
cobbles in near vertical, open Joints caused problem during drilling and
blasting n rot ins in the tai.lrc area.

Hard rock outcrops ar rare in the region and, when found, are usually
located along streams. Rock is ommontly covered by 25 to 100 feet of
overbrdmn. Most of this thickness is saprolite occurring in the C and D

t soil horizons. Du to the rapidity of weathering in the southeast, this
maerial show relict struture which can often be used to identify the
paret rock.

c. Bedrock StratiFJ% The Richard B. Russell Dam is located in an
isolated out~ Flowv--ade natasorphic: rocks within the Charlotte Belt.

Terocks hays been referred to variously as Carolina Slate Belt,* Kings
Mutain Belt, and Little River Serie lithologies. Rocks mapped in the

concrete dam foundaticn are listed in the following paragraphs in order of
Proabl age of etplaoutent. Thus rocks were identified in haid sample

wihthe help of previous micoscopic petrographic reports done for design
netrormia aid reports from a imateris thesis dame art the University of South
Carolina by Wiseaifluh (1977). Figure 4 provides further informttion about

stratigraphic relationships of the area.

Newlithe, - A few xenoliths 'are mapped within the netadacite, mostly on
the M~r"Coina side of the river. They are nafic-intertudiate, fine-
grained, olive colored rocks with som dark grewn, corroded phenocrysts of
indeterminate mineralogy. They may represent the original rock mass
intrtidd by the neamacite. The rock type is probbly nata-andesite.

Metalscite - This is the major rock type fournd in the dan foundationi
area. It is a felsic (ligt-colored with quartz and feldspar as the miajor
counstituents) rock, generally of madiun to coarse grained, with bluish
quartz and crem-coloved feldspar mlaking up 85-90% of mose ample.
Acsory minerals are chlorite and/or biotite with small amounts of
epidote. calcite, magnetite, pyrrhotite, aid other opaque.. It is
indistinguishable In hand ample from the Lincolntan natadacite, which
occurs about 20 miles; mouth of the damsite. This rock, considered to be the
oldest foundation rock, is referred to as quartz feldsa gneiss on naps and

casloge.

2!! z ftdmp ~ftn- A fine-grained, dark gray rock with larger
(upto .6 m),subounedptanocyets of light green, saussuritized

plagiclam feldsper and slightly opolsoent, bluish quartz occurs in
elangste bodies within the metalacite ounmtry rock. somatiamu bordered by
itetadiabme dikes. Cn mops, this rock is called quartz feldspar porphyry.
Ibisenfladi (1977) refers to this rock an a quartz luaratophyre (Nei.C mtamomatized. submaine. volcanic intrusion). He describes the mineralogy
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of the microcrystalline ground mass as quartzo-feldspathic, With sericite
mica and accssory epidote, spiuxu, biotite, and chlorite. FieldJ
re ios apsinicate that this rock intrudes the metadacite and is cut by
nastadiabase dikes.

Manie- A very fine-grained, dark gray rock which may be primarily
quartzoNRapathic in composition (minor %eathering produces a white rind)

wsfound in the spilway foundation and in Blck 25-27. The dark color is
probably due to the fineness of the translucent grains. This rock occurs in
newr vertical, tabular bodies cut by dark green ifetmliabae dikes.
Ibliation is evident in some parts. This rock was interpreted in the field,
Without microscopic study, as ancient nmylonite. It nay be older or younger
than the quartz feldspar porphyry.

Mtadiabase (or Pletabasalt) - This is a nafic (darker in color with an
abuae of iron- and magnesiun.-rich minerals) rock, generally of fine to
edita grain size. It is a metamorphosed diabase or basalt, and is referred

to on msa and logs as epidote bornbla gneiss. in some cases, this rock
nay niot contain enough epidote to warrant the use of the mineral in the rock
name, but this is not discernable in hawl sample. Hornblende and feldspar
are the =ar minerals in the rock with minor epidote, chlorite, quartz,
pyrrhotite, magnetite, and pyrite.

Variations in the epidote hornblende gneiss should be nentioned.
Petrographic reports on this rock show variable mineralogy, and cro-..*
cutting relationships indicate that there are several generations of dike-
intrusion. The material varies in color from dark green to black. Some
dikes, eseially thin ones and those parts of thicker dikes which have beenIC sheared, show pronounced foliation, probably ine -ting a higher chlorite
content. The term "chloritic epidote hornblende gneiss" has been used on
the gelogic traps UL this report to indicate this type of rock. The' tNI-SSE
trendiing dike in Mo~noliths 5 and 6 is a green-black, fine-grain-ed material
with quartzo-feldspathic inclusions which have been partially
recrystallized, possibly fron the intense heat of the intrudling nufic melt.
Som of the inclusions had alternating light and dark gray beds or bands.
Another variation in tin type of dike moped is epidote hornolende gneiss
with pbawocrysts of feldspar, quartz, or horriblende. The quartz phenocrysts
in these dikes are similar in appearance to those in the metadacite and
quartz porphyry, possibly indicating hybridization of the intruding magma.4
Tbme dikes cut and were cut by nutadiabase dikess (with no phenocrysts)
which were indistinguishable fron each other in hand sample.

d. Bedrock Structue Jointing, Discontinuities: Structural features
in thm d-En Owxiat ion Mncuds several types of fats. The anst common is a
single, clean break along which there is a small displaceuent. Due to the
Limited displamexnt on these faults, it is difficult to tell if they are
strike or dip-slip faults, but sore indicate both types of moveimet. These
breaks are near vertical, comnly trending Nf-SE, and are of limited
extent. Similar, but longer faults occur in Blocks 2 through 7. Thuem
faults (partially lined with epidote) trend ME-SW. have variable, near
vertical dips, and show slickansides with vall-developed striat ions parall~el
to the dip direction. Lcm angle faults, healed by zuned quartz and chlorite
veins, also occur in the foundation. Tlme are apparently reverse faults of
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35 degrees or less dip. They offset saga Mtadabase dikMes and are
themselves offset by (visually) identical dikes.

Planes and zones of shear ere also mapped. Thse zones vary from less
than an inch to more than a foot thick. Tly commnly cut along dikes, but
are also found shered through the country rock for short distances. In
addition to cruahed and altered rock, these zones contain chlorite, calcite, 1
a pink zeolite, gouge, and other materials of hydrothermal origin. Sense of ,
movment along these shear zones is commonly indeterminate, with evidence of
multiple moveent direction seen in several zones where slickensules and

4. "stairutep" breaks would allow determination of past movement. Te largest
of these zones cuts through a sbparallel dike smm in Blocks 26 through
29. Slickensided breaks in this zoos were found in Monolith 28. They
trended NE-SW, were near-vertical, and showed at least two episodes of
navenmwt in different directions.

Extensive, near horizontal fractures occurred within the rock excavated
for the dam and pomerhouse. Three open, leached fractures cutting the
Georgia abutment strike perpendicular to the dam axis and dip gently toward
the river, ending at the rock face between Blocks 7 and 8. Several
s11 izontal fractures filled with deccmposed rock were exposed during
excavation of the spillway blocks. an the South Carolina abutment, several
moliths were excavated below design grade to remove low-angle fractures

filled with clay. All of these fractures wexe subparallel to erosional and
top-of-rock surfaces. They were interpreted to be relief joints.

The foundation rock is extensively jointed. Most of these joints are
healed with epidote, chlorite, or calcite. Few open joints, except those
opened by blasting, were seen below the zone of wmathering. However, a few
large cavities partially filled with euhedral pyrite, epidote, sintered
quartz, and fine transparent needles of an unidentified mineral were seen in
the intake and powmrhtuse areas. Individual joints in the foundation
surface are noted on the geologic maps. Where a number of healed joints or
veins surface in the foundation they are depicted as chlorite, epidote, or
calcite streaks.

e. Bedrock Weathering: Weathering in the Richard B. Russell Project
area, as in t n rest the southeastern United States, has been rapid, withthick accumualations of weathered materials between the weathering and.,
erosion surfaces. Faults, shear zones, and open joints allow maximum !
penetration of metearc inter into rock ,me, and mafic dikes provide more

eamily weathered rock, particularly if they are broken. Since these
intersecting, nea-vertical (in the dan area) and essentially planar
features tend to weather ore rapidly than the rock around them, a typical
weathering surface in the area altlernates localized pockets of decomposed
rock with pinnacles of relatively uweathered rock nearby. This was the
type of weathering surface excavated on the South Carolina abutment.

With the exception of a large pocket in the upstream part of Blocks 2
and 3, the Georgia abutment bad a relatively regular weathering surface
dipping toward the river. This surface extended into Monolith 13, then
bea to flatten out under the river. The intake and spillvay sections,

uch were rally excavated into the riverbed, had a thin zone of' vethdring. In the most extreme cas, it ye about 10 feet fron the top of
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rack to fresh, unweathered rock. The tailrc area, also unider the ri.ver,
hod a si ilar zons of weathering. However, in the part of the tailrace
iediatasly behind the pumpback storage units, noer-vertical, round-
shouldred, open breaks in the rocks caused some prcblems. These joints
wars filled with aJuvium, including large river-rounded cobbles.

Class I excavation on the excavation contract was greater than estimated
(123% overrun). Mtt of this was removed from Blocks 1-14 and 25-32, with
the majority of the overrun in South Carolina. This was, in large part, due
to the fact that the exploratory holes in that abutment fortuitously
penetrated the pinnacles, rather than the pockets of decomposed rock. The
quantity estimated frm this information was accordingly low.

f. Leaching and/or Solution Activity: Solution was not a major
weathering factor in the metamorphic rocks at the damsite. Flormerly
calcite-healed veins mare open at the surface, where water could dissolve
the filling material, but there ware no limestones occurring near the
surface in the general area. All rock types which ware broken to the point
that meteoric or goundwater could penetrate them showed leaching. This was
usually evident in that feldspars would be a pasty white color, and in some
cases would be completely kaolinized. Leaching along joints and faults was
of limited extent, being mostly confined to minerals immediately adjacent to
the water-conducting break.

Chemical weathering processes such as hydrolysis and oxidation produce
fron primary minerals materials which can be dissolved or leached as finely
divided suspensions or colloids. The silica hardpan, which can
occassionally be seen in soil horizons in the general area, is formed from a
colloidal product of the hydorlyzation of feldspars. Another product which
was present and caused sane trouble in excavation for the dan was kaolinite
clay. This material, removed by groundwater frmn the rock mass as a finely
divided suspension, helped form a slick or "fat* clay which settled in
available open joints, including near horizontal relief joints. Since this
material lowered frictional resistance to sliding, it was necessary to
remove such joints. These "clay seams" were present in both abutments, but
were not deep in the Georgia abutment.

A product of oxidation which caused minor trouble was iron salts.
Pyrite and other iron sulfides are ubiquitous as accessory minerals in the
foundation rocks. As these minerals ware oxidized underground, soluble
ferrous salts ware produced and were leached by groundwater. When this
groundwater surfaced in the excavation, the soluble salts were further
oxidized into insoluble ferric salts. Sore of the intake and spillway
blocks were excavated for over a yea prior to placement of the last lift of
concrete on rock. iere groundwater ran over this rock, ferric salts
adhered to the surface. This material proved very difficult to remove, even
with a water-blaster.

g. Groundwater: Water table measurelents in exploratory core holes
Prior to excavation showed that the top of groundwater in the right
(Georgia) abutment varied fron a few feet to 70 feet below top of ground.
However, the overall piezometric surface was reported to be very gentle. on
the left (South Carolina) abutment, the gradient was much steeper close to
the river bluff. However, further from the river it also assumed a very
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gentle gradient. This was attributed to possible faulting providing easy
C drainage near the river. Excavation later proved out this observation.

3.3 Geologic Structure: Thm geologic structure of the damsite will be
discused IMder three subtopics: (1) Folds, (2) Joints, and (3) Faults.

3.3.1 Folds: Within the damsite folding on the megascopic scale
consists of-a-northeast striking, steeply dipping to the southeast,
isoclinal fold. The dip averages more than 55 degrees. This fold is
regional in scale and is likely related to the accretion onto the North
American craton of the Avalon terrane.

3.3.2 Jointing: Jointing in the rock at the damsite assums two main
styles. They are: (1) near vertical, intersecting joints, and (2)
exfoliatin, or relief joints which are sub-parallel to the topographic
surface. Them two styles will be discussed in turn in the following

The most consistent and persistent joints at the damsite are an
intersecting set of near-vertical joints with average attitudes of strike
N46-W, dip 89NE and strike N60OE, dip 89iE (Design Memorandum 8 - Geology,
1974). This pattern results in the ccmpressive component (Sigma 1) being
resolved into a strike of N84*W and the extensional component (Sigma 3)
striking N06*E. This stress orientation is consistent with that which the
Design Earthquake Report (CCE, 1977) determined for the region. Also, the
strike of Sigma 3 is consistent with the hypothesis that the Diversion
Channel Fault possesses a strike-slip component. Table 2 and Figures 5 thru
8 summarize joint orientations measured during design phase. Locations
where measurements were taken are shown n Plate 5.

The majority of the joints within this set have low-asperity faces and
are tight. Many have also been healed with calcite, and iron sulf ides are
also fairly camon on the joint faces. The average spacing for these joints
is about one foot (30 an).

The second type of jointing to be discussed is exfoliation or stress
relief jointing. These are large-scale structures, sub-parallel to the
topographic surface, which were formed by dilation of the rock mass
following removal of the overlying confining pressure by erosion. These
joints are closer-spaced near the surface than at depth, due to the fact
that less residual stress is required to initiate fracturing under
conditions of decreased overburden stress. Similar joints were created by
excavation for the concrete dan and powerbouse. though on a much smaller
scale. Stresses Unposed by blasting operations, together with existing
stresses, were often of such magnitude as to create joints in som
instances, and in others, the combined stresses could only create incipient
joints which, when subjected to the added stresses imposed by mechanical
excavation equipment during foundation preparation, resulted in a seemingly
endless repetition of removing rock from the same area time and again.

3.3.3 Faulting: The major fault within the damsite crosses the Georgia
amIanament in the vicinity of the Stage I diversion channel and is referred
to in this report, and most other C.O.E. reports n this project, as the
Diversion Channel Fault. Plates 58 and 60 show the location of the fault
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TABLE 2

ORIENTATION OF FRACTURE PLANES

Location* No. of measurements Fracture planes~Strike DI

1,2 301 1. N37W 79NE
2. N60E 84NW

4 47 1. N43W 77SW
2. N56E 87SE

5 141 1. N3SW 83NE
2. N83W 82SW
3. N60E 79NW

6 55 1. N38W 88NE
2. N62E 88SE
3. N79W 79SW

7 62 1. N42W 85NE

2. N80W 74SW
3. N74E 81NW

8 61 1. N42W 86NE 4

9184 1 . N37W 86SW
2. N66W 82SW
3. N54E 78NW

10 85 1. N38W 88SW
2. NS3E 84NW
3. N73W 875W

13 220 1. N34W 79NE
2. NS4E 88SE
3. N84W 83SW

* Refer to Plate 5 for locations
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TABLE 2 (CONTINUED) 1
Location No. of measurements Frature lne

14 234 1. N40W 90
2. NS9E 86NW

is 265 1. N46W 89NE
2. N60E 86NW

16 56 1. N45W 86NE
2. N60E 90

*Refer to Plate 5 for Locations
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relative to the maJor features of the project. 7he existence of this fault

C, a upce ui heepaainposo the project, but wsnot

M Diversion Chenmel Fault sftrUm aqaodmtely N1l-2 and the dip
'varies fron about 45-M to 55ONW. Indicators of both di-slip and strikm-
slip ta- - are present. Them. are slickmnsi~as, offset lithologic wnits,
trunacated lithologic units, and differential weathering across the fault
wh~ich laed to the hypothesis that the fault has been activated a mirber of
times. Theu m-a convrincing evdenc of this is the presece of a soft
zone within the felsite which has intruded into the fault.

The origin of the fault has not been clearly determined, but as %husier
and Ballinger (1984) point out, *the narrow ends of the Avalon terrane are
its only seismically active parts, and are the =ast Wiely parts to have hand
fracture initiated anid/or reactivated during the growth, transport, and

:Lona of the tei=mie.

FaultiLng of the Avalon terrane could be the result of reactivated North
American cratonic or Iqieton faults. The Diversion Channel Fault way,
hwrw be synwAetiLc with then Elberton or Datburg bathocltli. Homvrw* if
older than thee intrumives, it wa almost certainly reactivated by then.
Evidence for this Line of reasoning is the eistence of the felsite filling
of the fault and the hydrothersally-altered zone branching off the fault
along the qistem limit of the cutoff trench (Plate 77).

3.4 EngineeriLng Characteristics of Oebm SOilS:

a. Reiduelz Residual soils generally blanket the area except in the
Savnnah~ miqr ad winre rocks outcrop. The thickness of these soils
Varias from a few feet to over 50 feet. Residual soils consist of mixtures

of send, silt, mnd clay classified as SH, SC. ML, CL and CH (Unified Soil
Classification System). The soil blanket is generally thin over nz~h of the
area. This caused a great deal of difficulty in finding adequate sources of

b. Alliwials Alluvial soils occur in the Savannah Riverbed as mixtures
of send aflt.and organic material (SP, 34 and CL clasifications). At the
dmaite, they are about 25 feet thick. The SP aid 34 soil are predouinant.

A detailed testing program of all major overbuirden materials is outli'ned
at length in Design lMendaua 17 - Earth Mebmiiuints and the Richard 3.
Russell Earth ~Efnint Criter:ia and Peinfrorme 8 ; rt. The testing was
done largely in consideration of uage as borrow material, dynamic
stability, and in-situ cheacteristics.

3.5 -- -AQMSIteixtice of the Bedrock Ibterials: !bllowing is

Design Peacadwa 8 - Geology.

3.5.1 Physical Properties of the lbustiw oc

a. Prophyritic ata-dacite ad associated basic intrusivas underly, the

Irooe dam. Fiel ebervetions and laboratory tests indicaste the sound
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rockm' to be str 9ng ad ocaptgnt. Physical tests wsro e a~n representative
sampls of porhritic ninta-doits, ad mata-diabses. Cou"Wa seismic

C velocities wse measured at various elevations in sound rock wnder a large
portion of the corete dm foundation, ad several u-hole so'imt velocity
nmemats mu m for comprison with laboratory manic velocities.
T3o 3 in a mummy of the physical tests; Table 4 lists cross-hole msdi
velocitimsg Table 5 lists up-holm seismic velocities, ad Tle 6 lists the
laborstacy sonic velocities ad averg Schmidt hom rebound nurbers from
intact samles of rock -ooze1. Figure 9 is a plot showing the relationship of
sonic velocities ad Schmidt hanner rebound numbers.

b. Unofne E Tes sA average value of 24,280 psi was
obtain eE ~ ii s c ts performed on three
rrsetative samples of nata-diabsoe ad four repcesentative samples of
mota-decite. The avierage value of the neta-diabase samples s 20,150 psi
ad of the aeta-dacite samples ws27,390 psi. Theme values reveal both

rock t~ys to be in the high strength classification. An alloable bearing
value of 72 tons per square foot will be used in design.

c. Triaxial, Tests. Seven samples were subjected to triaxial tests
using con! 3 3M pro-oes of 1,500 psi ad 3,000 psi. The internal friction
agles varied from 23 to 58 degrees ad the shear stress intercepts
(cohesion) varied from 2,000 psi to 8,500 psi (see Table 3). These results
further substantiate the high strength of the rock.

d. Sawe Strength and Coefficient of Sliding Friction. The direct
shear strength values of the samples tested ranged fran 2,115 psi to 4,075
psi. Coefficient of sliding friction tests wer. mad on joint sufaces in
the rock -crm. The coefficients of sliding friction varied fran 0.98 to
3.61 (see Table 3) ad averaged 1.96. An allowable value of 1.0 for the
coefficient of sliding friction will be used in design. This value is
considered coservative since it is essentially equal to the lowst of seven
test values ad apprainetely half the average. The alloale unmit shear
strength for design purposes is 500 psi. This value am obtained by using
the lowet test value ad also allowing for low angle joints over 75 percent
of en assumed failure plent beneath the surface.

e. ifi Gavi .Th average specific gravity was 2.71 for the
porphyritic nflta-donite end use 3.00 for the neta-diaae.

f. Mou~ OfliW U.Te average value of the static (initial
tangent)o ols~ t as 7,630,000 psi. Te average of three
values of the dynamic modulus (Table 3) am 5,700.00. Aditional dynmic
values were mesured, but the results were, quest ionable (see Table 3).

g. Wasm umnta. Tablas 4, 5, end 6 show the results of
croe-ols u-hoe.an laboraory soni velocity meamreammnts. The 44

cross-hole ameasmnts ranged from 12.600 to 16,000 feet per second. The
labocstogy sonic velocity mesurements ranged from 12,000 to 19,600 feet per
seonad. All meesucamonts vere of sound rock velocities or between sound
rock zones in adjacent drill holes. Figure 9 sho the exc~ellent
coerlation -etI L the aveage Sduddt humoer rebound numbers end sonic() velocities. The sonic velocity mesrements were all moede on dry samples
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TABLE 4

CROSS-HOLE SEISMIC VELOCITIES

Shot Hydrophon e

location Shot location Hydrophone Velocity

hole no. elevation hole no. elevation fps

C-127 327.0 C-148 327.0 11,300
C-127 327.0 C-146 327.0 13,400
C-127 327.0 C-147 327.0 12,800
C-127 327.0 C-145 327.0 14,500
C-127 315.0 C-148 315.0 14,200
C-127 315.0 C-146 315.0 13,400
C-127 31S.0 C-147 315.0 17,100
C-127 315.0 C-145 315.0 17,000
C-130 300.0 C-129 300.0 15,000

C-130 300.0 C-131 300.0 13,800
C-130 290.0 C-129 290.0 17,600
C-130 290.0 C-131 290.0 16,900
C-131 300.0 C-129 300.0 16,700
C-131 300.0 C-132 300.0 12,200

C-131 290.0 C-129 290.0 18,100
C-131 290.0 C-132 290.0 16,800
C-130 303.5 C-1l1 289.5 11,000
C-130 303.5 C-1S2 285.0 11,500
C-130 303.5 C-1S1 299.5 10,500

C-130 303.5 C-152 295.0 11,200
C-1S2 285.0 C-1SI 285.0 104200
C-152 285.0 C-153 285.0 9,500

C-152 295.0 C-151 295.0 10,000
C-1SZ 295.0 C-153 295.0 9,800
C-152 288.5 C-151 288.5 10,000
C-152 288.5 C-1S3 288.5 10,000
C-134 293.4 C-164 290.4 10,000

C-134 293.4 C-135 290.4 9,500

C-134 293.4 C-164 280.4 16,500

C-134 293.4 C-13S 280.4 14,800

C-136 286.2 C-137 286.2 10,700

C-136 286.2 C-13S 286.2 10,100
C-136 276.2 C-137 276.2 10,400
C-136 276.2 C-13S 276.2 9,800

C-1S5 278.2 C-137 278.2 11,300
C-ISS 278.2 C-138 278.2 12,700
C-IS5 288.2 C-137 288.2 11,500
C-1S5 288.2 C-138 288.2 12,500
C-164 275.0 C-153 275.0 13,900
C-164 250.0 C-153 250.0 18,400

C-154 284.1 C-164 284.1 14,400

C-1S4 284.1 C-153 284.1 14,300
C-154 294.1 C-164 294.1 9,200
C-lS4 294.1 C-is3 294.1 9,100
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TABLE S

UP-HOLE SEISMIC VELOCITIES

Hole no. Shot elevation Hydrophone elevation Velocij

C-1S3 250.0 300.0 12,800
C-164 240.0 290.0 16,100
C-152 247.0 297.0 14,700
C-151 240.0 290.0 15,600

TABLE 6

SONIC VELOCITIES AND AVERAGE SCHMIDT REBOUND NUMBERS

Hole no. Elev. Rock type Rebound no. Velocity

C-127 315 Meta-diabase 51 19,600

C-129 292 Qtz-feld-Gneiss 39 12,000
C-130 292 Meta-diabase 54 21,600
C-146 314 Meta-diabase 52 18,000
C-131 290 Qtz-feld-Gneiss 50 18,800

Flaser Texture
C-132 292 Qtz-feld-Gneiss 40 12,100
C-S2 z2s qtz-feld-Gneiss 50 16,600

Flaser Texture
C-1S3 286 Qtz-feld-Gneiss 42 12,500
C-154 280 Qtz-feld-Gneiss 46 15,200
C-164 271 Qtz-feld-Gneiss 46 15,100

Flaser Texture

TABLE 7

CORRELATION OF RQD AND SEISMIC VELOCITIES

Description of rock quality RQD percent Seismic velocities (fps)

Very poor 0-25 6,000 - 8,500
Poor 25-SO 8,500 - 11,000
Fair 50-75 11,000 - 13,500
Good 75-90 13,500 - 15,000
Excellent 90-100 1S,000 -
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with no pressure aplied. Tables 4-6 tabulate the lowest elevation cross-
hole velocity, up-hole velocity, and sonic velocity measurwrents and
elevations. The following conclusions are the result of velocity ptudies to
date at the Richard B. Russell project:

(1) Velocities are greater in the nota-diabase (specific gravity
3.0) than in the neta-dacite (specific gravity 2.71). Laboratory sonic
velocities of three meta-diabase sawples varied fron 18,000 to 21,600 feet
per second. Of seven nmta-dacite samples, only one had a sonic velocity
above 17,000 feet per second, and the average was 14,600 feet per second.

(2) Alteration of feldspars to kaolinite (less than 10 percent
knolinite) apparently causes a substantial reduction in sonic velocities,
but not in unconfined compressive strengths. Evidence for this statenent is
based on tests perforned on the rock from hole No. C-129. Petrographic
analysis, physical tests, and sonic velocity mnasurwrents were all performed
on samples fran this hole. The kaolinite content was approximately 8
percent and the sonic velocity 12,000 feet per second (the lowest value of 8
samples); however, the unconfined compressive strength was 31,940 psi (the
second highest of seven tests).

(3) For velocity ratio studies, sonic velocities probably should be
nmeasured wer saturated conditions using 3,000 to 5,000 psi uniaxial
applied stress. Laboratory velocity (VL) measurements on sound intact
samples of rock normlly give higher velocities than do field seismic (VF)
nmasurfmfnts). The velocity ratio, VF/VL, has been proposed as a method of
evaluating the degree of jointing and fracturing in the rock.r Theoretically, the difference between the two values is caused by
discontinuities in the rock. In a massive, tight, fresh rock mass, the
velocity ratio should approach ugity. As discontinuities increase, the
velocity ratio should get smaller. At this site, the theory appears to be
valid in the neta-diabase rock, but in the more predcminant neta-dacite
rock, it does not hold up. In almost every case, the laboratory sonic
velocity of intact specimens of eta-dacite was less than the field seismic
velocity in the same boring. This would give velocity ratios greater than
unity. Up-hole seismic velocities were nasured in the field to see if
direction of measurement was causing this discrepancy. The results did not
indicate this to be the answer. It was finally concluded that the
conditions of in-situ stress and saturation of the rock in the ground must
be at least a partial explanation of the failure of the velocity ratio
method in this case.

(4) Additional subsurface investigations nust be made to determine
why the cross-hole velocities were so slow (10,000 fps) between holes C-135,
C-136 ami C-137, C-151 and C-152, and C-152 and C-153. Deep weathering or
faulting between thes holes could explain the abnorally low velocities.

(5) Velocities increase with depth.

(6) Comparison of aelni-c velocities with the rock quality
designator (ROD) is sore meaningful at this site than a caqxarison- of the
velocity ratio with the RM. Table 7, on page 30 shows approximte, assumed
correlations between seimmc velocities (including refraction, cross-hole,

and up-hole) and the RO for the Richard B. Russell area. Enough
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easur mets hme been made to indicate a good degree of confidence in the
correlatiUons.
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4.0-CD SPECIAL DESIGN COSIIERATIMS - CaCIM DAM

4.1-CD Uplift Pbross: Uplift an the base of the cocrete da wasassumed to vary according to the following criteria: full tallwter at the
toe of the dam to tailwater plus one-half the difference between headwater
and taLTvater at ti heal of the dun. Uplift pressure is cmsidered to be
effective over the entire base of the dam. When exoining the stresses at
any horizontal plan through tie structure above the base, the uplift
pressure is assumed to be 50 percent effective over the entire area of the
plane under consideration.

To ctend with uplift, a systen of gallery drains was dri 1led into the
foundation rock. Angl.ed 15 degrees in tim downstran direction, the drain
holes ware drilled to an average depth of 80 feet into the foundation rock
beneath tm dam. Thse holes were cased within the concrete structure,
allowing several inches of -stick-up- above tim gutter elevation. The tops
of each drain allow water to flow out of the drains and into the gallery
gutter, wherein it is led to one of two sump pumps for final elimination
from tm inspection gallery. (See gallery drain detail on Plate 50.)

In order to effectively measure uplift pressure, a pattern of uplift
cells was designed and installed for measuring and reading pressures. The
cells permit water to enter through wel screens and act against pressure
gauges. Tim pressure gauges are located conveniently in the inspection
gallery where they nay be read individtally by monoliths. For details of
uplift cells, refer to Plates 53, 54, and 57.

4.2-CD Foundation Bearing: In design, an allowable bearing of 72 tons
per square foot (or 1000 psi) was established. In the testing of the seven
rock samples previously mentioned uinder Section 3.5.1 average strengths of
27,390 psi for meta-dacite and 20,150 psi for meta-diabase were determined.
The average static modulus of elasticity for all samples was 7,630,000 psi.
The lowest unconfined compression strength result of 10,960 psi still yields
a safety factor of 10.96 or nearly 11.

4.0-EE SPECIAL DESIGN CONSIDERATIMS - EARTH EMAN04MFIS

4.1 - EE Overlap Grout Holes: In order to obtain effective grout
coverage in the regions of the GeorgL earth emban ment where it abuts the
concrete dam structure, a series of angled fan grout holes was designed.
Drilling and grouting this pattern of grout boles permitted a consolidation
of the embankment grout curtain and the grout curtain beneath the concrete
dam. This fan arrangement is best understood by referencing Plates 86 thru
92.

4.2-EE Fault Treatment: The fault uncovered during diversion channel
excavation proved to be an item for modest concern during embanment design.
Thought to be, for all purposes relatively inactive, its large size dictated
sae special design consideration. (Water losses during pressure testing
had been large in the vicinity of the fault also). A blanket or
consolidation type grout program was designed for intercepting the fault
plane at various elevations determined by the plane of its orientation. In
addition, a surface grout cap was included in the contract drawings for
adequately covering ti excavated surface along the grout curtain from which
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the consolidation holes would be drilled and groutd. Details of the

82,* 108, and 109.* The results of the consolidation grouting program, which
WEs; field-modified smwat * are discussed in Section 7. 1.-M.

4.0 PH SPWIAL DWI OIGNO POIUCIE

4.1-RIHyotai spit The Powartxxms structure wa- designed to
utilize gravity design, an extensive rock bolt network, and founidation
relief wells to ounzteract hydrostatic uplift forces. Section 8.0-PH
describes the rock bolts and anchors utilized in the structure, the quentity
and locations, and the engineering rationale for their angloynuit. Sec-tion
10.0-PH Covers the relief well System utilized. Design stuldie concbied
that the onbIination of eleamts which ware used would be preferable to a
totally gravity design. This conclusion was based upon both econmnic and
construtbilty constiderations.

4.2-PH SIMw Training Wal- The spillway training wall, which
extends downstrean fran the South Carolina side of Unit 8, nmot only has to
carry the vertical loading inposed by the observation tower, but alio has to
resist rotational and overturning forces =nposed by tailrace and spillway
water Currents. To neet the stability criteria, a series of twelve (12)
twanty-three Strand, high-capaity Type -C rock anchors (Plates 127 and
129) and a series of sub-horizontal Type W" rock bolts (Plate 128) were
incrporated into the design. in adition to this, the designers requested
that the wall be "keyed" into the rock and the Area Office staff added five
(5) twsnty-foot long Type "D" rock bolts which ware installed verticallya through the second lift of concrete and grouted into the rock with polyester
resin. After the grout set up, the locking nuts on the bolts were torqued
with a nmiually operated wrench rather than stressing with a hydraulic jack
as called for by the Specifications. These Type -D' bolts were used
pringrily to waintain concrete-to-rock contact and to guard against the
possibility of Unit 8 discharge water exerting any uplift forces against the
bottan of the wall.
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5.0-MD NEAVA=Nfl PRXMURES FOR CCMOPO PARTS -COCREM1 DM

5. 1-MD ExaainB ~ e The excavation Phase of dan and
powetrhouse wu s undeta as a separate contract to e2qpedite
completion of the project. Thbe point of gearaion i that the excavation
ctractor would take the excavation to design grade, clean up by mechanical
rnams only (with amm washing of the surface provided for in the contract),
perfom needed dental excavation, drill ezploratory holes as needed to
confirm the suitability of the foundation rock, then demobilize. The
concrete dam contractor would perform foundation preparation by removing a
minor amun of rock by hand methods, wash the entire foundation, thenconstruct the dan on the resulting foundation.

The excavation contract defined two classes of excavation. Class I wasthat material wich could be removed by diligent use of a single shankhydraulic ripper on a DOH bulldozer. Class II ws that material which had

to be systematically drilled and blasted. Within Class II, "sound rock" wasfur=ther identified asrock that is had natfeh nd esenial

slopes wer to be 1 on 1. Sound rock slopes wer vertical. A bench or berm
not less than 6 feet wide was to be left between firm and sound rock slopes.

5.2-CD Excavation Grades: Excavation grades as designed and directed
in the field are depicted on Plate 16. As-built foundation grades after
foundation rock removal and preparation are depicted as topographic surfaces
on Plates 18 through 49.

Directed changes occurred in 3 main areas. The first of these was the
Georgia abutment. After Class II ecavation reached design grade in
Monoliths 2 and 3, a large pocket of deccaposed material appeared to be both
weathered and hydrotbaur lly altered. It was easily removed by a
Caterpillar 245 bacJde.

The second area is the spillway foundation. In this area (probable)
relief joints in a near horizontal attitude occurred below design grade.
The first of these was discovered when communication wa noted between holes
URBOA and RM8 in Moni.th 19. Material filling the sew was decomposed
and crushed rock fragmnts of sand and gravel size. Both mntadacite and
mntadiabase ware fragmented where intersected by the see=, and lateral
displacement of near-vertical dikes along the seam was 0 to 6 inches.

The third area was in the South Carolina abutment. Monoliths 26, 27,
and 28 were founded at lower elevations to remove clay am below design
grade. Thm se we re also near horizontal and ware probably relief
joints. Exploration drill holes indicated that these seams probably
terminated at their intersection with mtadiabase dikes. Monoliths 27 and
28 were lowered by mdificati.on after the excavation contractor had
esentailly completed his contract wk.
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Minor excavation had to be done an the concrete darn contract.Th
dmwatering smp in the Block 9 i1secion gallery -s designed to be founded
below the exczavation surface left by the Ln Company. In r I- to avoid
interference between contractors, thw kWao-Grovss contract was oidifiLed to
allow them to blast and remove the unwonted rock.

5.3-CD Re~al gmUDin We excavation wsbegun in 1977, the
constzjctimz area lay betwemn two coffeztikes acoiately 1000 feet
iuiutreas and dowstremm of the concrete dam. A uediztontation dike,I
constructed of sand and gravel, created a trianglar pond immediately
downstream of the domtrean coffezdIks. The water level in this pond
reqspod to water level changes in Clbks Hill. Lake. The spillway and part
of th intalm areas were low, swampy, wanidering wtercourses immediately
after uwatering.

Tts excavation contractor dug a dowstream smp aid then built an
elevated (an random fill) road immediately upstream of them struction
area. Water which ponded upstream of this road 'us led across the Monolithr 22 location by a ditch with piled fillo C either side to the downstream
sump. From the dowmstreai sump, the water was punped over the downstrean
cofferdik. into the uedizmntation pond. Since the sedimentation dike was
pernealile to water, but not to silt and clay, the water filtered into
Clarks Hill Lake, leaving tim sedifment behind during periods in which Clarks
Hll Lake was low. lOw the lake was high, water filtered in reverse flow
through the dike cleaning the accumulated silt and clay from within the sand
aid gravel fill.

* C. WI= excavation was proceeding at its fastest pace in the tailrace and
powerhouse areas, two 8-inch pumps were required to empty the excavation
into the downstream smp. During this period, work on the concrete dam was
ging on, adding moire water to the mont of dewatering necessary. A large
pump of unkniown capacity would then move this water from the sump into the
sedimeuntation pond. This plant 'us capable of keeping up with runoff andI groundater flown in all but the heaviest thunuderstorma. Exact quantities
of water pumped were not kept.* sinc the contractor was paid by them onth
instead of by a unit quantity. Appendix B 'us compiled fra. contractor
records available for a 6-iexath period in 1978.

5.4--CD Overburden Excavations Overburden excavation began with tim
dredging of river sand prior to .As'utering. Tim dredged said was moved as a
slurry to the said stockpile by pepline with the help of two booster pumps.
Whe dredged material ma considered by Corps inspectors to be sufficiently
cotamninated by muck, it wssent to the waste pile. By contract, the
riverbed vndredged to within 2 feat of rock.

After dowatering, Claws I excavation 'us accomplished with bulldozers
(Caterpillar DS' s, and loeders (Caterpillar 988's),* and of f-roed dumps
(Caterpillar 769's). The dozers broke up and piled them aterial, the
loaders filled the dumps with it, aid the dumps hauled it to the stockpile,
or W ae caeeunly to the waste Pile. Onu the abutnunts, tim Class I
excavation noaerial mepushed dowhill or over the bluff where it 'us
loaead. Theea a contract overrurt-of 123% in Class I excavat ion in the
cocrete dam aid powerhouse areas.
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5.5-CD Sock Enwvation: The contractor began drilling and blasting
operaticn in Nmvbor 1977, an the South Carolina aut He began
drilling on th Georgia side of the excavation in January 1978. After that
tins, he always lurlmd at least two aas at the sam time. At the
begi ning of operations. the m-ra from the dwnstremm portia of IMioJithe 8
thrug 16 usahold u by the Corps (Pending completion of design for the
poxrhetmie) to allow no excavation below 277 MM. This prohibition was
relammd in April 1978.

Th contractor drilled his blast holes with air-trac drills, wrking as
my as six at one tim. Although the contract specifications allowed holes
up to 6 inches in diamter, the contractor elected to use 3 and 3-1/2-inch
holes on his production blasts. Blasts to grade wmre limited by contract to
2-1/2-inch diamter holes. oximam lifts as shot were 16 to 20 feet.
Although a umdnu= lift of 5 feet for shots to grade was specified, when
there wore only 7 or 8 feet of rock to be excavated below ripper refusal
this was shot in cm Lift. The mt comuon pattern used in Production
blasts ws a 5-foot by 6-foot rectangular pattern. This pattern was closed
up for blasts to grade.

Tts production blasts, as designed, generally achieved good breakage,
but backbreak w intensified by the jointed nature of the mtamrphic rock.
Healed and incipient joints were opened by high pressure gooses. Calcite

s could often be easily lifted fram formerly healed joints now opened
by blasting in t e powerhouse shots. It was difficult to hold
backb kto less than blasts. This te cy of
the rock to split along pre-existing joints particularly affected the slopes

Sin the domstream portions of Blocks 6 through 16. After foundation
prep in rs slopes wera common in these blocks.

Aother difficulty encountered in drilling and blasting operations was
the proiblm of caving holes. As previously stated, the weathering surface
in the South Carolina area was one of pinnacles and pockets. Where hard
rock surrounded and protected poclats or crevices filled with decomposed
rock materials, penetrating blast holes often caved repeatedly. 1nese
pockeats and crevices affected blasts for 2 or 3 consecutive lifts in some 4
cses.

The Lane Company used DuPont explosives in production blasts. Holes
were loaded with APO prills and detonated by electric caps in HDP primars
itnre possible. Whre water in Us holes or oversized holes dictated, Tovex
700 cartridgms of 2 aM 2-1/2-inch dimester initiated with Dl caps in
Detaprim UA primers wre used. Blasts ware usually delayed in a chevron
pattern to give a kmped muck pile which facilitated loading with a front
end loader. In th hsre rock deep in th powerhuse excavation, a
rectangular shot would uomatioss; be delayed in rowi towrd one comner (where
two free fame existed) to got better breakage. Powder factors were usually
one pound per cubic yard or less in fim rock. These ranged up to two or
two-1/2 in the powerhoume trench. Blast No. BP1205, a sinking shot in the
powerhouse area with hales angled toward and delayed to the center of thes
shot, had a factor of three.

St rock w leaded onto Caterpillar 769 off-rood dumps by Caterpillar
988 loaders assisted by DO bulldowers. As th rock wa loaded, Corps
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i~n~sco~udesignated it as fine cc select rock. Them rock wstian taken to
tim7 4Xqpifte firm rock CW select rock Ntsto)ile. All the rock rWmoVd(Fro the dan and pau.zisis nwmation wa %ned in castrction. Firm rock
-s primily uned-ta build contrction roads. Select rock wa used an
filter maerial and rock fill in tie earth amenmants.

5.6-M Lin RFM an rMitng hea ation contract
specified liediln sacn nnlsnp to exued twice the dimeter)

*wbenwax a required vertical arfc is lees than four feet in height
(depth); mid for a horizontal distnc of five feet an either sife of all
external - I for tim full depth of the vatical mwrfaces.0 Presplit
blasting wsrequired an all surfaces inclined 1V an IH cc steeper whiich
were 4 feet ccrgreater in hight and wichid were not required to be line
drilled. Spacing an preeplit holes wsto be 20 to 36 inches.

Preelit holes ware loaded with Hercules Powder Co. Hercoeplit WR. t.bst
blasts ware landed solid with ties 2-foot long (.6 lb/foot) cartridges, but
in soim cases, tim holes wae deck loadd with cartridges spead a foot or
mare r -ert. The Hercosplit is a nitroglycrin-based explosive and was
initiated with prmmord. Tovex 1. a water gel explosive in 50-foot long.
1-inch diameter, plastic tubes with internal primmnrd was tried an the
South Carolina abtent, but the Contractor discontinued its usme after one

blast.
5 .O-E LVM' EDAMII - MCAVDITIQ

5. l-D Ewaation Grafts: The excavation grades for tim embankmients
are showni on Plates 6F, 61, and 62. lime plates show both the designa

C. grafes and tim was-built" grades of tim cutoff trenches. Fbr more details,I
me the Bdmkuint Perforamne and Criteria Plport for this project.

5.2- DewtterngsContract provisions for dawatering of the
admamantoxwR W~m~ thediversion channel between the closure dikes.

Design ge 1s for tim cutoff tranclus assumend that *slaps to drain*
configuration could be achieved and detailed dmwatering provisions were niot
Written into tim contract. This turned out niot to be tim case for all

incions of tim cutoff trenches and this oo= I-ion required puuping and/or
tim blasting of drainage trenches through high points of tim founidat ion
rock. 7hs, aea betwen Station 5+50 and Station 6+50 (referred to as the
-bsthtub and whoem treatent is presented in detail in Section 7. 3-EE)

presented tim greatest problem for dmaNNtering.

Dowtering of tim diversion chal between the closure dikes requred
puming from tim tim of initial closure until fill placement began (a
Pecied of eight nenths duration). The dewatering systan consisted of one
eigt-inch amraible, pxmp which proved to be effective excpt on two
ocasiins. when excessive seepage through tim upstreamn closure dike flooded
tim cutoff trench. Details concerning the closure dike seepage are
presented in thembaenkment PerforSeo IMpOrt.

5.3-M vezbizde Exavation: Excavat ion of overburden for the cutoff
truxAdm inc.ltdiaLluviwi, resid&-' soils, and intensely weathered rock.
ObaV eavation wa classified as that material %tich could be removed
by equipment Mch as goees dozers, ri~es and hyizaulic excavators
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without rsting to drilling and blasting and us paid for unider aid itau
201 M3oavation. Comm. RIOWr efual criteria uebased upon the use of
a single-smk. pea~lelogrm. h~daulic ripper mounted on a Caterpillar
tracor Modal M, 46A (or equivalent). All ctoff trenches %we excavated
to z193m refusal (am a minaim) r.p in the transition *I s, the

93ttu" and the diversion channel crasming. ALL aterial wicih use
eausted was classified by a Gvernt Inspector aid wseither stockp~iled
for future use or was wasted, based upon their clasification.

The side slops of the excavation were sloped to a 1V an 1.5H1 and
reste no stability problems. ITh cotractor uerequired, however, to
mintain thm sing.. by constantly imnitoring and scal-ing. and to provide
whatever support mdit be required.

5.4-Z Rock Emcavation: The earth emaneunts cutoff trench a
excnavated to HjWi~i- using a Caterpillar DS1I 48A, equipped with a
single-shank parallelogram rippger. Emaation below this level was
IerFor I only in isolated instances for the following purposess (1) to

X high 6kzwhe of hard rock; (2) to provide drainage; and (3) to i
provide a 1 oth transition into the diversion channel. All rack excavat ion
for the preceding purposes wa perfored using explosives. A total of
ar astely 47,500 CY of rock: was excavated under the entaijamuts
contract, with the vast nujority of this quantity being required to achieve
a amooth transition into aid aooe the diversion channel (Plate 82). The
only other area with a substantial quantity of rock excavation was in the
South Carolina abutment,* where approximately 7, 500 CY of rock was blasted to
achieve a -inoth transitiorn. AUl other blasting consisted of small pop
shonts to ramv smll knobs or ledge of rock to achieve drainage or to
provide for more efficient construc~tion of the embankament.

Blas patterns varied frat 4x4' to 5x7l to individual holes. The pawier
factor was on the order of 1.1 lb/yd and gelatin dynamite was the monst '

commonly usued explosive. AUl shots were detonated with millisecond delay
electric blasting caps. Sujidrilling was normlly hold to a nuxium of 1
foot with a mink=m of 3 feet of stemming. Lightning detectors arnd
seismographs were required for all blasting operaticons.

5.0-PH EXCAVATI4 POEDRE FO COMMENT PAME - PCWENICXE

5.1-PH General: Excavation for the powerhonuse structure was performed
isdra separate Fa -A by the Lam Corporation of Meridian, Connecticut.

Procedures, methods, and equipent ae presented in detail in Section 5.0-
foundation preparation and meitchyard ecavat ion) was that required for

siqp in the erection bay aid areas which were not shot to grade under theI

5.2-PH 't! o a In the erection bay area, three (3) sump~s
hod to be excriatein~ the founidation rock. "uis work 'as acompl~ished,
through the use of Jack hamers, prybas. and Bristar. Bristar is a
commercially available dmulit ion agent which is non-mlosive and which
fractures the rock because of its expensive properties.
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5.3-PH Penstock Drain Lime: Tb Puatock drain live for Service Bay 2rrequired blasting to Lwave high area of rock. This blasting wa pertozsud
by Piabct Etglosiws. Inc. vith vibrati mmitoring end evaluation by
Vibra-w*d South. A total of five (5) shots were mae. with macijua recorded
particl.s velocity being 0.91 ii., aLIration being 1.48 g's with a
perticle dimlaomm't of 0.002 inch. I~dmuu pounds of exlosewas 7-1/2
Thu. with a wizua I lbe/dalay - 1/2 lb. See T71a. 8 for tabulated blast
data.

5.4-PH Vertical Flock Faca The vertical rock face between Service Bays
1 ad 0 ray i~Ti; iaTto allow for themU iniz required concrete
thicims. in the vertical wall. This wedge of rock was line drilled with
hanad-hald air-pokred rock drills ad ramrod using Bristar.

C
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TABLE 8

BLAST DATA - POWERHOUSE EXCAVATION

Date 1-19-82 (#1) 1-19-82 (#2) 1-19-82 (#3)

Number Holes 28 37 24

Diameter (inches) 1-1/2 1-1/2 2-1/2

Depth (inches) 9"-14" 15"-18* 15"-18"

Spacing (feet) 18. 2' 2'

Burden (feet) 24' 2' 2'

Explosives Weight (Ibs)

40% Gel 5-1/3 7 4-1/2

Total 5-1/3 7 4-1/2

Atlas Rockmaster Delays 1,3-6,8-16 1,3-6,8-21 1,2-6,8-16

Maximum Holes/Delay 2 2 2

Maximum Lbs./Delay 6 oz. 6 oz. 6 oz.

Stemming (inches) 6-10" 3"-15" 3-75"

Theoretical Delay 25 ms 25 ms 25 ms

Duration of Blast 550 ms 750 ms 550 ms

A
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TABLE 8 (CONTINUED)

1BLAST DATA - POWERHOUSE EXCAVATION

Date 1-20-82 (#4) 1-20-82 (#5)

Number Holes 20 12

Diameter (inches) 1-1/2 1-1/2

Depth (inches) 24"-9" 16" 4

Spacing (feet) 2 2

Burden (feet) 2 2

Explosives Weight (Ibs)

40% Gel 7-1/2 2-1/3

Total 7-1/2 2-1/3

Atlas Rockmaster Delay 1-5,7-19,21,25 7-13

Maximum Holes/Dalay 1 2

Maximum Lbs./Delay 8 oz. 6 oz.

Stemming (inches) 1.5"-6" 13"

(- Theoretical Delay 25 ms 25 ms

Duration of Blast 975 ms 250 ms
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6.0-CD FoATuqm EXwRATICt6 DURIMNG SMrrC - CaR DM4

S The exonvatiai contract included an item for four-inch rock owe "to

fall 1977, 14 borings; ''v drilled to explore unusmual conditions revealed by

* clearing cs satIons. Tbase wre limited PriMarily to near vertical fault

During early excavation on the South Carolin abutment, a nurbar of
*clay emsO had been encountered. Sinc smst of themsems had been quite

extensive, it was necessary to dseaznie their existence and areal extent
below planned founidation grade. Although they wae= difficult to pick up -in
core borings, a serie of holes was laid out in both abutments anid the
spillusy area, where deep horizontal joint. would not be intersected by the
excavation. Eventually, 74 borings ware done during this progran.

Pbur-inch borings done in the vast abutment area encountered clean,
leached joints which dipped at a low angle below design grade. To explore
these Joints extensively and economically, the excavatin contract was
modified to allow air-trac drilling without water. The drills were observed
by Resid~et Office personnel and depths were recorded for color changes in
cuttings, loss of cuttings, and water or mud production. The recorded
depths and types of phenoena ware then correlated anid three-point problems
worked out to define the attitude of the relief joints. The holes ware
drilled on 20-foot ceters in Monolithe 1 and 4. There ware aprxodimtely
three joints striking acoss the dan axis and dipping in an easterly
direction parallel to the axis. These joints ware exposed when the 35-footC "step-tv face between Block. 7 and 8 was revealed by excavation.

No exploratory investigat ions ware done on the concrete dam contract.

6. 0-E PUNATICR EXPLORATIONS LURING C ~tWM=C4 - EARTH EMBANNQ4NMT

The initial contract estimate for exploratory borings called for 2,300
lineal feet of NX size coring. Field conditions indicated the need for
aditional coring and a modification for 3,100 lineal feet of additional
drilling was issued. Of the total contract amount of 5,400 lineal feet of
exploratory drilling, a total of 4,629.2 feet ware actually drilled. The
locations of mueof the exploration drill holes are shown on Plates 67 anid
68.

Logo of a limited ntner of the exploratory borings made by the )
Contractor are included as Appendix J. The contract specifically required
the Contractor to provide ctplete drill logs for each boring made, and want
into great detail regarding the educational and experience requirements for
the Contractor Quality Control organizaticm' a resident Geologist, as wall as3
listing all. item which were to be included on the drill logs and on the

coeboxes. Fbor reasons unknown these requiremts ware not net, and hence ,
muach of the core recovered from the exploratory borings; is of extremely
Limited value.
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6 .0-PH F.UNWICH EMPQDR'ICNS DIXD CWMrria - FENCXJI 1
During costrution of the Richard B. Rusll powerhouse, founidation

muestigtionm consisted entirely of Personal Inspection and evaluation of
the foundation by the Project Geologists. Thea entire foundation area was
wned geologically and prsonl inspection and appoval by one of the
Project Geologists use required prior to concrete placemnt. In adiin,
drilling opurations for rock bolts, relief wells. and grout holes ware4
mmxitored periodically and drilIer's reports, drill cuttings, hydraul-ic
presure teat results, and grout operations ware evaluated by the Project
Geologists. No boringe or teats wre mad for the expess purpose ofF investigting fouiation conditions during cmistruction of the powerhouse.
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7.0-CD UNUSUAL OR UNANTICIPATED CCWDITICS DCCXJN1RD DURING COtlSM=xICN

Srral geologic conditions encountered in the concrete dam foundation
caused problemw in excavation and foundation preparation. However, these

nitions ware not totally urexpected. The extent or location of thes
features was not predicted in soe cases, but their presence or the presence
of similar features had been noted by SASE-G. These conditions will be
covered in Section 9.0-CD.

on~e geological feature which seened unusual to the resident staff was
the presence of areas in the foundatio which had been subjected to
rotational stress, probably in a near horizontal plane. Evidence of this
can be seen in the distorted fatadiabase dikes and in tension cracks or
tears within the metadacite country rock. Such evidence was found in
Monolithe 13, 15, 16, 24, 25, 27, and 28, but it is most convincing in
Monolith 21. There it appears that the sentiplastic rock (probably during a

itamorphic phase) was twisted to bend the previously intruded dikes. At
sites of most extreve dislocation small tears, scmetimes an echelon, were
produced. Also found within the disturbed area were blebs of "bull" quartz
and pockets of euhedral, pink calcite.

S7.0-EE UNUSUAL OR UNANTICIPATED GELOIC CONDITION ENCOUNERED WURING
ONSTRII CN - EAT EMBANKMENqTS

5 Considering th sheer size of the Richard B. Russell embankments and the

geologic terrane within which the project is located, suprisingly few( unusual or unanticipated geologic features were encountered during
construction. The specialized treatment of selected areas due to adverse
geologic conditions is described in the following paragraphs by type of
treatment.

7.1.EE Diversion Channel and Fault Zone Treatment: A major fault zone
bisects the Georgia esbankment in the vicinity of the old diversion channel.
This fault trends approximately NlOE and dips about 50 degrees to the
northwest. Movemant along the fault appears to consist of both a right
lateral strike cofponent and a normal dip component. The fault itself has
been intruded by a felsic dike shortly after faulting. Appendix A contains
the complete petrographic and stress history analyses performed by the South
Atlantic Division Laboratory.

Althoug the rock types on either side of the fault were identical
(i.e., quartz-feldspar gneiss cut by mafic dikes), the appearance and
geotechnical properties ware different. The weathering profile was much
m pronou and extended to much greater depths in the hanging wall than
in the footwaLl. The magnitude of this difference was clearly illustrated
during emavation of the fault for dental treatment. Excavation was
performed with a Cat 245 backhoe which experienced little or no difficulty
in exca vating the hanging wall; howver, excavation of the footwall could be
perforned only with extreme difficulty, if at all.

In addition to the fault zone itself, the embankmnt crossing of the
diversion channel was of great concern to the designers as wall as field
engineers. This was the highest section of the erbaniatnt and had abrupt
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foundation elevation changes on either side. For thee reasons, the
thorough, conservative treatment s performd in this area.

(1 7.1.1-ES Excavation: The steep side-slopes of the diversion channel
ware flattened to aroximately 1V on 2H by systematic drilling and
blasting. Tim product ws a mixture of sound rock and firm rock that was
wmsted, since the need for these materials had been mnt. (Contractor was
permitted to process some for use as road plating material.) The result was
a Ostair-step, foundation on the east and west slopes. The bottom of the
channel was excavated from elevation 330.0 to 315.0 approximately. The
hanging wal of the fault was further excavated to elevation 309.0 after
grouting had been completed. The fault proper was taken down to elevation
305.0 for a width of approximately 10 feet and this "trench" was then
backfilled with concrete and the entire portion of the diversion channel
underlying the iapervious zone of the erbantlaint received shotcrete (refer
to Appendices D thru F).

7.1.2-ES Drilling and Grouting: Fbllowing cleanup, inspection, and
approval, the area was released to a comprehensive drilling and grouting
program. The curtain grouting consisted of a single line on the slopes and
two lines across the bottom of the channel. Grouting was performed to a
depth of 125 feet below the surface in 3 zones using stage-grouting.
Significant surface leaks ware noted in the area west of the fault in highly
weathered rock, even though 3 to 5-foot nipples were used. Consolidation
grouting 'a performed in the area downstreamn of centerline and west of the
fault (Plate 109). Grouting was taken to a point below the fault, using
stop-grouting. Two consolidation grout lines were added on the west side
and one contract line deleted on the east side. Full details of( consolidation grouting are covered later in this section.

7.1.3-EE Filters: Plans called for the downstream side of the cutoff
trench in the bottom of the channel to receive filters and shotcrete.
During the inspection on 5 May 1982, it was recamanded that this
configuration of filters be re-evaluated and consideration be given to
shotcreting the downstream wall. SASE-GS later directed that the
downstrean wall from elevation 310.0 to 330.0, approximately, be shotcreted
and the filters begin at the 330.0 level.

7.1.4-EE Consolidation Grouting: The hanging wall of the Diversion
Channel Fault downstrean of the main grout curtain was consolidated by stop
grouting. Plate 109 shows the grout hole layout profile illustrating the
geometrical relationship between the consolidated zone and athe fault plane.

Stop grouting (as opposed to stage grouting) was the method chosen for
this work as it was believed to be more effective for consolidation. Table
9 lists the grout takes and provides a statistical analysis of the grouting
operation. Exploratory borings taken after grouting indicated that the
grouting program was effective and that the desired end produce was
obtained.

7.2-E Soft Pockets Near Diversion Channel: Around the centerline of
the embankment between Stations 12+00 and 13+00 were several pockets of
weathered rock. This rippable material was similar to, but stronger than
that encountered in the bathtub area. It differed from the bathtub in that
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TABLE 9

CONSOLIDATION GROUTING

HOLE NO. DEPTH(feet) TOTAL TAKE(cu. ft.) TAKE/LF(cu. ft.) REKARKS j
U-I 25.0 0.0 0.0

U-2 25.0 0.0 0.0

U-3 25.0 0.09 0.004

V-i 25.0 4.18 0.167

V-2 25.0 0.0 0.0

V-3 25.0 0.0 0.0

W-1 45.0 6.30 0.140 Surface Leak

W-2 45.0 3.54 0.079 Comm w/Vl, W3

W-3 45.0 0.36 0.008

X-1 1/2 40.0 17.84 0.446

1/1 65.0 5.12 0.205 Surface .ea:

X-2 1/2 30.0 2.71 0.090

1/1 65.0 0.28 0.008

X-3 1/2 30.0 0.14 0.005 Surface Leak

1/1 65.0 3.42 0.098

1/1 85.0 0.00 0.01

Y-2 1/2 45.0 0.36 0.008 Surae'a c

1/1 85.0 0.72 0.018

Y-2 1/2 45.0 7.36 0.164 SurJa!c Leak
Y-3 1/2 45.0 0.09 0.002 :

/1 85.0 0.00 0.0

Z-1 1/3 40.0 19.33 0.483 Surface Lea,:

1/2 65.0 5.0 0.200

1/1 125.0 2.67 0.045

z-2 1/3 40.0 0.27 0.007

1/2 100.0 0.09 1).002

1/1 125.0 0.0 0.0

Z-3 1/3 40.0 0.18 0.005

1/2 100.0 0.0 0.0
1/1 125.0 0.0 0.0
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'C TABLE 9 (CONTINUED)1 O . DCONSOLIDATION GROUTING

HOLE NO. DEPTH(feet) TOTAL TAKE(cu. ft.) TAKE/LF(cu. ft.) REMARKS

ZZ-1 1/3 60.0 0.45 0.008
1/2 90.0 0.0 0.0
1/1 125.0 2.45 0.070

ZZ-2 1/1 125.0 5.18 0.041 Comm W/ZZ-3

ZZ-3 1/1 125.0 0.45 0.004 Surface Leak

V-1.5 25.0 0.09 0.004

W-2.5 20.0 0.0 0.0
45.0 0.0 0.0

X-1.5 40.0 0.18 0.005

X-2.5 1/2 40.0 0.0 0.0
1/1 65.0 0.18 0.007

Y-1.5 1/3 50.0 0.18 0.004
1/2 80.0 0.0 0.0
1/1 105.0 0.18 0.007

C Z-1.5 1/3 40.0 0.18 0.005
1/2 80.0 0.09 0.002
1/1 105.0 0.09 0.004

TOTAL GROUT HOLES DRILLED: 1,915 LF

TOTAL GROUT TAKE: 90.11 Cu. ft.

MEAN GROUT TAKE: 0.047 (cu. ft./LF)

STANDARD DEVIATION: 0.103
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it was not sturated with grourdwater at the tine it was grouted. Although

Nrahlswere drilled in and near these ucuw'tot jointed areas, thei •emoessiv weathering cold not be related to an unusual geloi feature.

Three extra lines of 20-foot deep holes were grouted upstream fron Stations
11+80 to 13+00 to asse seepage cutoff in this rock.

7.3-U "Bathtub": An area of severe weathering of the foundation rock
was encontered ithe Georgia waet section from approximtely Station 5+50
to Station 6+50 (see Plate 73). This area is the convergence point of three
dikes resulting in weathering far greater then the sur=rdlng area.

Station 5+50 was the end point of the transition trench slope; thereforeara upstatin wer spciie to be taken to rer reusa. Since rippe
refusal was being aVpoached in surrounding areas, the contractor was

directed to cotnsin this area, although the Odesign grade" bad been
passed. Since thee were rock knlobs above "grade" being encountered
routinely, the possibility of not being able to obtain rippable rock in this
section was not determined until the exavation was near elevation 395,
about 10 feet below "grade. ("Grade" is taken as that elevation shown on

.Plate EE-25 of the Contract Plans, an anticipated elevation of ripper
refusal.) At that time, an inspection was made of the area by field,
district, and diversion personnel. an 16 May 1980, following cleanup of the
area, and obtaining several exploratory borings, the decision was made to
stop emcavation and begin treatment. Since the area was seeping a -

considerable amount of water, some method of controlling the water was
necessary during fill placement. A system of pums~ and a concrete cap was
agreed upon and the area released to drilling and grouting. A triple grout
line was directed to be used and the grout curtain was shifted upstream to

coincide with one of the dikes. The shift and triple line ended near
Station 7+00. Additionally, a single line to a depth of 25 feet was
installed along the upstream edge of the "bathtub" to help control seepage I
(ineffective). Drilling and grouting were completed in this area in late
November 1980.

Details for the special foundation treatment for the "Bathtb area %ere 3
contained in Modification H (PO17). In June 1983, the contractor began
r"ucking out" the accumiation of water and mud from the area. Since this

was the lowest point in the section and located at the toe of the Georgia
transition slope, a considerable amount of material had settled here. The
tedious work was slowed by rain and additional wash-in of material. The
base rock -as very weathered and deteriorated quickly. Final preparation
was perfo ved only hours prior to concrete placement. Treatmnt of the area

was as follows-

a. Final Cleanup and Wash-down: This resulted in an overall average
foundation elevation of 385.0 feet.

b. Seepage Control: A trench was dug along the t side and a 36-
inch corrugated metal pipe installed vertically at each end (No. 1 and No.
2). Numsrous 1-inch holes ware burned in the pipe to permit water flow into
the sump. A similar smp (No. 3) and trench ware located on the downstream
side of the area over a flowing seep. The trenches wre then filed with 3-
inch concrete aggregate. An a.ditioal swp (No. 4) ws installed in a
similar mnner upstream of the "bathtub", not connected to the other sumps,
needed for other seepage control.
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c. Concrete Pad: The rock drain, above, iM then covered with plastic
and thi ea coered with concrete (the tranck did not co ct) with a
thicknes of aprodi tely 3 feet. A total of 114 cubc yads of concrete
w umed. The top of thm concrete pod s not level, but hed ean average
elevation of about 389.0.

d. Smd Dmain: Water flowing out of the upstrem slope remained to be
controll.MAter the concrete had cured, the plastic e rmoved from the
top of the cncrete aggregate and appolximately 1 foot of aggregate removed.
This w replamed with 3 to 6 incbes of coarse filter. This was folloaed
with filter sand. The sand was saturated and compacted beneath the top of
the ped. A 12-inch wide said drain ms placed adjacent to the upstream
slope to intercept seepagn ad carry it to the sumps. Impervious fill wms
placed on tim concrete pad. The sand drain extended to elevation 395.0.

a. Fill P1lannt: z bllowing the treatment, f fill placemnt cant inued
until draiae o of the area was obtained, apoxnumtely 2 days work in
Aug st aid November 1981. Work in the area then ceased until June 1982.
Pumping of the sumps continued during this time since the fill level did not
exed the piezanetric head.

f. 2 _H : During fill placemnt in the summer of 1982, the
piezmetric level in the sumps was nxxito-ed by cutting the purps off and
allowing water to rise in the sumps. when the fill reached elevation 415.0,
it wms determined that the sumps were no longer needed aid could be sealed.
Grout pipes had beun installed in the trenches for grouting purposes. A 1:1
grout mix was pum d into the grout pipes (gravity, no added pressure) until
grout shomd in the sumps. This was allowed to take its initial set, then
the sumps were filled with concrete (total 32 cubic yards).

g. Summary Data:

BOTTCM OF TOP OF TOP OF TOP OF BAGS OF
SJ4 T amH COtCRrE SAND DRAIN FINAL RISER CM ROUT CM,

1 383.3 388.6 395.0 417.5 57

2 383.0 388.2 395.0 418.0 82

3 384.2 390.2 N/A 418.1i 102

390.5 N/A 395.0 418.1 114

7.4-EE Rlelief Joints- There were several cle, unfilled relief joints
on the Gergia abutunt ider both the concrete dam and the aibaniment.These She joints sepaated otherwisee sound foundatin rock into several
laer 11M onion. M= the Geri east porction of the Georg i
emamnment wa exicavated, the contractor's bulldozer ripped along these
setJoints for son ditac. Whe it wa noted that two of the joints
had Ien chased to sm deph, it was decided to and ripping and excavat ion
at a Cre-di)= nowr the 22+00 station of the dam axis. At this point,
thee wa a 1O-12-foot step. on a steep (70-80 degee) slope. After the
area 1110grouted, an unfo i f illet ms placed to about a foot above the
Ier joint, fuishing a low angle face against which fill could be easily
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coqiected. Grout coumnication wsnoted in the first zone between holes£200 feet igart below this face, probbly indicaing another relief joint at
a shallow depth.

cuic yads of rock enaation ; RequiRe in South Carolina to removea

rock knob in the cutoff trench. The rock an the upstrem well. was
characteristically blocky, Jointed. loose, and had numeous clay soel. The
blasting left a very rough blocky, upstream slope having large, high
overtiing and open seam throughout the blast zone. Duae to the geology of
the area and the pesence of clay sems, it me felt that the Jointed nature
of the rock was not caused by blasting, although some of tim seams were
probably opened further. Treatmnlt considerations incbled additional
excavationi in the slope, pulling loose blocks out of the slope, and placing
a formed fillet to over tim area. Sin' any excavation atteqit may have
accetuated the problm, the decision w ae to use a formed concrete
fillet, appozramtely 15 feet high. The fillet was; placed in two lifts,
with dowels, aid hied a total of 244 cubic yards of concrete. This was
acomtplished unider Modification P012 (L).

7.0-PH SPEIAL OR UNISUAL CCNDITCtIS LURIM C MTIUTct - pOVERIWusE

The foundation of the Russell powerhouse was found to be rather straight
forwad from a geologic point of view and no unusual nor unexpected
conditions ware encountered during construction.

C
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8.0-M .3D ATIGA OIRS MM MO BMTS - CN== DA

C Fock edcI were installed on both tin excavation and corete dam
oni -.t. 7e anch on tin exavation contract we for prevention of
ld.. a dscribed above. Foundaticn nm d wall ancxors w

installed on tin concrete dam contan.

Me rock ancbors installed uder tn exavation contract were Dyidag
threare of 1-inch diamter and 60,000 psi yiel strength. They were
install'd in 1-5/8-inch diinter hole with two 12-inch long Celtite fast
met, two-copmnt, polyester resin cartridges in th bottom of the hole.
After the resin was Alowd to met, th anchors were teasioned with a torque
wui-A to 2/3 of tin bar yield strength (21,500 lf.). Twsion was locked
into the bolt by a 1-7/16-inch hoxagonal nut against a 6" x 6" steel plate
3/8 inch thick. Corrosion protection for tin stressing length was not

Foundation anchors we installed in only one of the thirty-two
monoliths of the concrete dam. Block 26, unlike the others, was divided
into two parts by a construction joint. The downstream part of the block
foed the flip bucket for the eastermiost tainter gate. Since the flow of
wter over tin flip bucket would inxat an overturning momet to this
nuolith, it was considered necessary to anchor the concrete firmly to thefoundation rack. This was doae by grouting numfber 11 reinforcing steel bars i
into 10-foot deep holes in the dowmstreamn area of Block 26. The projecting
ends of the bars mre deforned into a J-shapa prior to installation and the
concrete 'a placed around them after the grout cured. The broom grout mix
that ws utilized to treat the fouodaticui prior to concrete placemnt on
rock to used to cment the bars into the holes.

The rest of tin ancks installed on the concrete dan contract wre used
to secure tin tailre and erection bay hang-on wells. Two types of anchor
were used. TWenty-seven one-inch diameter billet steel bars wre used as
untensicned dowels in the lower part of tin tailrace wall. Tise dowels
ware installed 3 feet into rock using Celtits fast set resin cartridges
prior to placment of tin concrete wll. Hooked attachments project into
th -wall to about 6" from th outer surface of th wall.

an tin h wer part of the tailrace waU ad on the erection bay wall.
post-tesioned es ure used. There were 145 of the in the erection
bay and 117 in tin tailrace %all. Th taiLr wal anchors 'mre originally
desigmd to be installed before plammit of tin wall, but proved to be
difficult to install in thn very irregular rock face. The contractor
proposed, and the Corps ancepted, a no-cost change to modify the contract to
allow farming of blockouts in tin wall and installation of th anchors in
these blockouts after te wall was in place. Thus, the same installation
procedur ws uted on both walls.

Thm aeobs were 1-1/4-inch Dywidag thred ars of 187,500 lb. ultimate
stre&tgth. LengthS varying from 24 feet (20' in rock) to'35 feet (31' in
rock) wae installed in holes of 2-inch dWsmter. A combination of fast and
slow mt Celtite cartridges ws insrted into th hole to give full
eunca ,Auatn with a 12-foot (minmmn) anchor zone. After insertion of the

C teaed-bWe and setting of th anchor zone resin, the bar ws stressed to
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150.000 lhe. and locked off at 112,000 lbs. by a hgonmal nut against a 9x 91 x 1-3/4 anchor plate. Whe all the anchors had been intae in a
mall. tie ontractor flae-u the anciwc 30-60 inid the blo=*~ and
filled the blchouts with cocrete. FIATA-cutting me allowed only after
the conztrato provd that he could cut the thedbr with a cutting torch
with less residual best than that involved in saming the with an rai
disc. Plae 128 contains instal I in deal of rock anchors used in the
tailrace and erectio bay hang-on welsJ.

8.0-PH FOUNDRTZGH ANMOFS AN X=C BOLTS - WEM

8.1-PH Generals A relatively large number of rock support eleffents
wee aplyod3.__ powerhouse structure so that structural stability
criteria were ast. Both defoxwed bar rock bolts and rculti-strand, high-
capacity rock anchors were utilized in ametin these criteria.

8.2-PH Deformed Bar Pock Bolts Defoamed bar rock bolts (also referred
to an "thrmarF rock bolts ) constitute, by far, the mfajority of the rock :

element ts installed in the powaerhouse. These bolts are 1 1/4 inches
in diamter and are various length, grade 150, and ut iI Ized a polyester
resin grout. Each rock bolt assembly consists of the bolt, a steel bearing
plate, a hexagonal nut, a sufficienlt nutber of fast set resin cartridges for
thb anho zon, ad sufficient number of slow set resin cartridges to fill
the rfainder of the drill hole. A typical installation sequence is given .
below:

1. Drill1 and clean hole (percussion drilling only was allowed).
CI 2. Insert the required number of fast set and slow set polyester

resin grout cartridges. 1

3. Insert the bolt into the hole, using the air-track drill to
apply both rotation and downward pressure.

4. Once the bolt is inserted to the required depth, continue
rotation until the anchor zone grout sets up.

5. Fefoam the drill, install the hydraulic stressing jack and
stress the anchor with the required amount of force.

jc. 6. Tighten the hexogorml lock-off nut and reamev the stressing

Plates 127 and 128 show the locations of the deformed bar rock bolts
and Plate 129 show typical details.

8.2.1-PH Draft Tube Slab and Service Bay Slab Pock Bolts: Plate 127
show the locations fb-r the bolts. Thom areas utilized 35-foot long
bolts except in selected areas in the vicinity of the ta.watering drainage
trench whr loge bolts ware required so that the 20-foot anchor zone inrock criteria would be met.

8.2.2-ih m Desiah fthemmt ior nc wi g t Tube and Servie

tailao m rctin a h n oelsh

Sait era Eac net rt ea bock bs i n aistand, high-

capciy oc achrsine tiizd n etngthsecrteia



gravity structure with the dead lad of each mno, Jth being of such
Smantude that all anticipated hydostatic uplift pessures would be

ompesated for and hnce, no external anchorge would be required.
Hmower the draft tube and service bay slabs are not structurally
integsated with the manlithe an do not transmit foundationi loas.
amt ibi e ight,* nor resist Uplift farces. 2*f ore, a system of
fowxbtion drains (described in Section 10.0-PH and simm on Plate 126 and

-',kbolts (Plate 127) was ued to overom hydrostatic uplift forces within
time areas. Th following design asstmtions ware I~ in tim layout of
the rock bolts for time areas:I a. 1bundation drains ware ssumd to be 50t effective.

b. The muainuu expectable tailwater elevation was assumed to be Clarks
Hill standard project flood (slev. 342.0).

8.2 .3-RI Erection ft Flack Dolts: Deformed bar rock bolts were used in

subtrutur wal (oriontlvariable lengths) to cqansate for

hydostticpresues ctig aaistuthreesrcua lfe .Pae 2

strctue. he recionbay sstructrewale n alaehn-nwl a

cale fr e botalt n of rokblt iety andt the rctio ay
The onntractor suitted aposltoinstall the bolts through the

1'8.2.4-PH Splla DEI~2k~:Fock bolting and anchoring for the
spillway training wall is coee n detail inSection 4.0-PH.

r 8.3-PH Multi-Strand. High-Capacity Rock Anchors: Rock anchors are used
intepowerhouse in Units 5 through 8 and in tim spillway training wll.
Thirty~ are located in the units 'wil twmnty-three strand
ancorsaretobe foundi in tim spillway training wall.. Each strand is 1/2"
in iamterandis omuosed of 7 wires conforming to ASfl4 A416 for

presressng teel. Each strand possesses a minimum ultimate strength of
41.3 ips.Installation procedures for both types of anchors are similar
wit oly heultimate and lock-off applied forces differing. Plate 129

depits ypicl a-installed details wile Plate 127 depicts the locations.

8..-HInstallationi Procedure, The following is the installation
sequece fralof thisr d rock anchors enployed in the powerhouse:j

1.Di oles with down-hole hamr.

2. Pressure test holes, grout, and re-drill if neo-Atsary.

3. Insert and w perform first-stags grouting.

4. Tet rout cylinders for strength (>3000 psi).
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5. Stress anchors to 80% of ultiffate strength hold for 10 minutes and
lock-off at 70% of ultinate.

6. After 7-day waiting period, perform lift-off test.* If lift-off test
reveals no relaxation. got to step 7.* If lift-off indicates that relaxation
hos taken place, go back to step 5.

7. Perform eeiod-stage grouting.

8.3 .2-H - Grout Mterials: The tue of a high-early strength, non-
shrink, Prtm~w~~nt- grout was specified for the stranded rock
anchors. The contract specified a site-mixad grout using a nunber of
adxtures, but the contractor proposed the use of a pre-muced, commuricaLly
available grout. After evaluation of the rmnufacturer'sa literature an
lmited testing at both the Project Off ice ard the SAD Lab, approval was

~arval was contingent upon satisfactory perfozumnoe and at no additional
cotto the Goverruunt. Dring the installation of the anchors using this

grout.* no problem mum encountered. It is felt that performance probably
exceded what would have been attained bed thm original grout mix been used.

8.3.3-PH 'ne' Considerations for Use of Stranded Rock Anchors in
Units 5 Truha Asstated previously each powerhouse monolith was
designed as a stan-alove gravity structure as the total dew loed of each
unmit 'us sufficient to prevent hydrostatic uplift. Howemver, since Units 5-8
will1 consist only of tim skeletonized structure for a nuffber of years,* it
was inperative that the reduced deed loed of the units be coenusated for
so as to prevent upLift. A numb~er of different schemes were anlyzed for
sufficiency, constructability, maintainability, and cost effectiveness. On
all counts, tim use of rock anchors proved to be the most viable
alternative. Although the tine span in which the anchors are required to
function is relatively short (less than 10 years), timy are a permanent part :
of tim structure and should function properly for the entire life of the
project.

8.3 .4-PH Stranded Rock Anchors in the S~illuuY TraMinn Wall: Rock
anchorage requiremnts and considerations for the spillway training wa11 are

covered in detail in Section 4.0-PH.
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9.0-0D CHRAC1ER OF FCWCII - CNCRE1! DAM!

9.1-CD Foudationi Surfost After foudation preparation, mset of the
Rihads. NAvsell fowwlationsurface wa very irregular. awmptions to

this arce the parts of Monoliths 2 and 3 wh~ich were excavated with a bacidxieAlong a low angle joint, and it20lith 26, excavated along a clay seam.
Ths aw ein re fairly aoth after dzumety plate. and a'~ of rock had
beow ratd. f 4

7ha extensive jointing, faulting. and showa zones in the dam area, along $
with the ultiple dikes and dike swem gune the rock a tendency to break in
an irregular, blocky smmer. Thi wa intensified by the release of high
'velocity gese Fro blasting agents and explosives, used in modern
onsatruction practice. The ouabination of hard, strong rock with pre-
eadating, weaker plas naft it difficult to achieve regular excavation
surfacs, ee tmu presplitting tchniiques ware used.

Deign Ile flatter than 1V an 1Hi usually broke below grade in a
blocky cc stairtepped mrermer. This wais probably due to the presence of
incipient near-horizontal planes of breakage in the foundation rock. These
planes ay be created by stress relief or tectonic forces, but they are
pcesent in Ica rock mssnes in the area, including the Elberton Granite.
Am explosives were detonated, these planes furnished an easy exit for
expning gases. Holes dcumslope propagated breaks well into and through
the p]m of the design slope. When final rock removal had been
accoplished to remove rock which had been loosened, the effect wa even
More pronounced. Areas where the stairstep effect wais most apparent weire
the 1V an 3.5H1 slope downstream of monoliths 8 through 16, the 1V on 3.18HCSlope downtream of Monoliths 6 and 7, and the sump in Monolith 9 (excavated
by Dravo-4koves).

ilure the design surfac me m horizontal, the final surfac waiss also
uneven. Preferential breakage along the natural discontinuities described *
above resulted in a foundation with manny abrupt changes in slope. RTe
felsiac rocks were more resistant to breakage then weire the nufic dikes.

Perciussion tools such as hoerars and pwuwmt breakers were used as little
as possible in the brittle natadiabase. Another factor which caused an
irregular surface was overdepth blast holes. Although the contractor
maintained good drilling control on mst blasts to grade, sane holes weire
drilled below Specified tolerances. During loading, holes determined to be
ovwdepth were bottan-stazued back to grade and loaded as planned. Howeiver,
a few of thes holes were not identified. Shooting an overdepth hole
resulted in a depression, usually conical, in the foundation.

Pbuniation surfaces 1V on 1Hi or steeper were commonly more irregular
then whaet is usual for preeplit slopes. The rock in these fcsbroke along
joints at varying attitudes. The presplit face between Monoliths 7 and 8
wa the only one between monoliths which -e excavated clcee to design. The
faces upstream of Monol~iths 8 through 13 also brokm out well. Sara of the
Simlar vertical fesbetween mnolithe broke irregularly'along their
entire length. It wa necessary to makm 'plug pours" in several of the
monolithe on the eat abutment to replace rock broken off vertical face
14ettmnuoliths.
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9.2-M Condition of Foundation Rock Richard B. Russell concrete
dm w= founid edti.- ly on rock. ith th wption of a few shar zones
wich wev hmly altered r filled with softer minerals, the rock
as und. The engineering caracteristics were within thoe reported in

the Design emoanm 8 - Geolof ad msumrized in Section 3.5 of this
report.

9.3-M Water: The measures described in Section 5.0-CD of this report
a a to--allo acwati of the da and pawrhons in t dry.

S= wet entered thea oriati m ptra of the intake and spiJlw

blocks, but the quantity of flw w too low to cause probl.. During
concrete placement, water problem wre encountered in the intake and

i sectio wast of Block 24. Blocks 1-7 and 24-32 were founded at
highr elevations. Seepage ad natural runoff ware intercepted and ponded
by a low diie/road 20 to 30 feet upstream of Blocks 10-23. The water level
here u probably at or above 300 M.

In Blocks 8-23, where seepage along joints or seam as very slight,
concrete me marely placed and vibrated well against the seam. In these
cases, the weight and strength of the concrete was judged to be sufficient
to stop them minor leaks without special treatment. Blocks in which no
special treatmnt was needed ware Block 8 (where wet ath seeps re
present along the 7/8 face), Block 10 (a few seeps wre present on the
upstream fac), Block 11, Block 17, Block 20, and Block 21.

Whre seepage was present along the upstream face at fairly low
pressures, visqumen sheeting was used to separate the water seeps fro the
concrete. This wm done by pacing the visqueen on the face immediately
1before the last buckets of concrete were placed in the block. (Placement

poeddfrom downstream to upstreen). Then the last concrete was placed
against the visqueen, causing the water to rise at the upstream f ace. This
us done in Blocks 9, 14, and 18.

Upstream of Blocks 13. 14, and 15, a small sump was created by a backhoe
to collect water. The sump was pumped nearly dry during placement. This
eliminated the necessity for special treatnunt in Blocks 13-15.

Wheare moderate flows wre prresent on the upstream face, french drains
were made by piming 6" wide steel strips vertically to the foundation
rcLamately 1 foot fro, the face. These wre filled with uniformly graded

30 aggregate and a vismn sheet was placed over them. Pipes, or 55-gallon
drums, we used to rem or pump water from these drains. At least 1
su ly and 1 return pipe were always installed.

After me or more lifts of concrete ware in place and cured, the drains
were pressre grouted with 1,1 grout until grout was seen in the return
lines. Blocks 12 and 22 were treated this way until grout was seen in the
return line*. Blocks 19 and 16 had spot flows. Block 16 was the only
monolith with a leak in the horizontal foundation. Thi, leak was west and
dom tream of the invrted plumb bob, below the present inspection gallery.
These spot flow ames 'are surrounded or filled with clem 3" gravel with
55-gellm drums, used to blockout a m for grout pipes. They were
treated an the french drain sae, but after being confined by one or more

C lifts, they wre first grouted, then concreted up with a 3/4" mix.
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Locations of Treatmnt Described:

C loc 2 - Against the eastern 2/3 of the utrem face, relief pipe at
the oer near the 12/13 joint.

Block 16 - Imdiately below the inection gallery as the gallery turns
a r to enter Block 17, near the inverted plumb bob.

Block 19 - Against the uwtrean face about 10 feet fram the 18/19 joint.

Block 22 - Against the upatreaM face in the wastern corner.

9.4-CD SVWei or Unusual Conditions: Foundation conditions which
required special consideration and/or treatment in the construction of the
Ihell Dw include seam, unexpected areas of deteriorated rock, and water

The clean joints in the Georgia abutnmt hu been mntioned in the
FounIation Exploration and Geology sections of this report. They were
discovered by exanining 4-inch core taken under the excavation contract.
The joints were low angle, irregular, and leached. The air-trac exploration

described in the Exploration Section was initiated to determine the extent
and attitude of these joints. It was discovered that there were (probably)
three sem , surfacing in Monoliths 5 or 6, Mnoliths 2 and 3, and outside
the den under the Georgia embankment, and exiting the stepup face between
Blocks 7 and 8. The most probably dip on these subparallel joints was
toa rd the river and slightly upstream. Because they 'are clean, irregular
(with good rock to rock contact). a edimed upstream, it was decided that
teejoints poe no problm to the integrity of the dam, except that if

ungrouted, they would allow water to seep through the foundation. They ware j
penetrated by curtain grout boles, and based on commuication in the first
zone, ware grouted up. No further treatment was considered necessary.

An unexpected area of deteriorated rock was discovered during excavation
of Monoliths 2 and 3. This rock, located between one of the joints
nuntioned above and a shear zone, showed evidence of hydrotherml alteration
and severe weathering. Possibly, the joint allowed easy penetration by
hydrothermal solutions fran the (also hydrothernilly altered) shear zone
which cased decompoition of the rock and allowed (later) rapid weathering.
The rack below the joint was hard, fresh, and only slightly weathered, so
treaemnt beyn removal of the decomposed material and repcent with
concrete s considered unnecessary.

A (probable) relief joint intersecting the upstrean face of Blocks 13,
14, and 15 allowed p ewa ter upstremn to infiltrate into the excavation,
depositing zwty-awearing iron salts on the foundation and causing minor
water problems during construction of them blocks. The water was handled
during placement as deribed in Section 10.0-CD of this report. The iron
salts wa cleaned from the foundation by sand-blasting and/or wate--
blasting at smid= force with great difficulty.

AMother area of deteriorated rock which had to be rmoved and replaced
was in the upstrem part of mnolith 16 near the inverted plumb bob located

A in that block. The hydrothezamlly altered and weathered rock was above a
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low angle shear zone. The area was excavated to sound rock. The geology
and topography of that zone can be seen on the mape of the Block 16 area.

* A foundation condition which caused considerable construction change wa
the presence of sea'.-filled with shattered and decomposed rock in the
spillay axea. Theme - were noted vALUe logging onre drilled on the
excavation contract. Excavation grades were changed to rmaove rock above
same of thes, sea', but saw were left after the excavatim contract was
cempleted. Enmpt where they occurred under trestle footers, the rock above

them me removed under the concrete dan contract as pert of the rough
cleanup phase of foundation preparation. Where trestle footers ware
underlain by seams, the se=n and the rock above it ware removed to within afew feet of the footer. A sm amount of rock was left to avoid
undermining the footer. In Block 17, a 20' x 10' slab of rock ws left
under the northast trestle footer. In Block 19, rock wam rmoved to within
1 to 5 feet of the edge of the northeast footer, then the footer mas
surrounded by a concrete collar to protect it umtil the first lift of
concrete could be placed.

During foundation rock removal in Monolith 22, a seaw filled with mud
and rock fragments was discovered. This sean was chased into Monolith 23,
where it was tighter and contained no mud. Previous borings indicated that
the se= stopped at a dike which crossed the nonolith diagonally a short
distance from the existing face. It mas decided to discontinue rock removal
at the point where there wa no u and there were fewer rock fragments, and
treat the sea by grouting. This treatnnt is described in Section 10.1-CD.

Clay filled breaks in foundation rock also necessitated changes in
construction. These "clay seam" were joints, relief joints, and irregular

S C breaks at all orientations which were filled with a plastic, red clay.
Analysis of the clay showed that it 'ms primarily kaolinite, probably a
product of chemical weathering of feldspars. It had probably been
transported to the "seams" by the movement of groundwater, and then had
settled out of suspension in all available open spaces. The "clay seans"
were present in both abutmants, but wre a problem only in the South
Carolina abutment where foundation grade bad been set higher in the zone of
mathering. In this abutment, the extensive, near-horizontal relief joints

were the major problem. Grades were lowered to eliminate the seam and rock
'ms removed under modification to found below them. Blocks 28, 27, and 26
were those overexncavated. Additional changes which 'mre made to adapt the
structure included additional grout holes, a change in the geuetry of the
inspection gallery, additional instrumentation, and a nore extensive system
of waterstops on the monolith construction joint between Blocks 28 and 29.

A final problem which caused minor difficulty 'ms the presence of near
vertical round-shouldered rifts filled with cobbles, sand, and gravel in the
riverbed. Thse rifts wre probably joints which had been widened by the
action of the river's current emd bedload on the rock adjacent to the
existing open joints. The loose material in the rifts tended to fill in
blast holes as they 'mre drilled, causing the excavation contractor's blast
holes to collapse as they wmrs drilled.

Prior to any Concrete plaement for dan construction, a written record
of final foundation approval 's made after inspection of the foundation in
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the field. Placement cards were kept for each mnolith; however, these were
not available for inclusion in this report.

9.0-EE CHARACTE OF THE MUNDATICN - DSAMMT

9.1-EE Foundation Surface. The foundation surfaces upon which fill waes
placed can be categorized as one of the following: (1) in-situ residual
soil in the transitions; (2) shotcrete cr dental concrete treated firm rock
and fractured sound rock; or, (3) unfractured sound rock. Fur details on
the treatment of the various areas see Section 10.0-EE of this report.

9.2-EE Engineering Characteristics of Foundation Materials: Section
3.5 of this report sumarizes the engineering characteristics of the
foundation soil and rock for the embanklnts. Design Memorandum 8 - Geology
and Design Memorandum 17 - Earth Embankaents contain detailed studies and
test results for the foundation and embankment materials for this project.

9.3-E Groundwater Ccnditions Affecting Construction: Groudwater
conditions affecting construction of the eabankeents were only of local
extent, and with the exception of the "Bathtub", presented no major
problens. Section 7.0-EE contains details on the "Bathtub" area and Section
5.0-EE contains details on dewatering in general. Also, refer to the
EMbankment Performance and Criteria Report for a more exhaustive treatment
of dewatering of the fo ndation.

9.0-N. CHARACTER OF FOUNDATION - POWERHOUSE

9.1-PH Foundation Surface: The surface of the powerhouse foundation is
very irregular due to the intense jointing of the rock. Joints within the
foundation rock assume two major geometric styles which are:

a. High-Angle, nearly vertical joints with two predoainant strike
directions. These joints have spacing that ranges from about 2 inches up to
about 4 feet with an av.,.age spacing of about 1 foot.

b. Subhorizontal Relief or Exfoliation Joints. These joints are
subparallel to the topographic surface and were probably caused by removal
of the overlying confining material by erosion and/or excavation. The
spacing of these joints, many of which were only incipient until subjected
to excavation equipment, ranges frmn about 2 inches to about 4 feet with an
average spacing of about 1-i/2 feet.

As nay be interpreted from the preceding paragraph, the powerhouse
foundation consists of a "stair step" arrangement of joint blocks in those
areas where the foundation contains a slope, and is more or less flat lying
in the remainder. The "stair step" arrangement is particularly noticeable
in the draft tube area of the powerhouse where the foundation slopes
upstream and rather than being a detrimental characteristic, is in fact
positive in that it increases the sliding resistance of the structure.

9.2-PH Engineering Characteristics: The pr'erhouse is founded on fresh
unweathered rock. The rock is a hard, dense metamorphic rock whose strength
and other engineering characteristics are more than adequate for the
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structure being built upon it. For a ure complete description of testing
performed, refer to Section 3.5 and Table 3, page 28.

9.2.1-PH Additional Physical Tests: In addition to the rock tests
mentioned in Section 3.5, tests for suitability of the rocks frjn the
damsite for corcrete aggregte were also performed. Although performed for
another purpose, an analysis of the test results leads one to conclude that
no adverse cheaical reactions istween the rock foundation and the concrete
of the structure should take place. Further discussion of these tests are
presented in detail in Design Memorandum 12 - Construction Materials.

9.3-PH Grouwter: The occurrence of groundwater at a given site is a
function of many interrelated factors, but perhaps the most important
parameter is the permeability of the geologic formations present at the
site. Te Russell powerhouse is founded entirely in crystalline rocks whose
prunary permeability is very low and whose secondary permeability is also
low due to the fact that most of the discontinuities occurring in the rocks
are either tight, healed, filled with bPermeable clays, or are
discontinuous and not interconnected. Therefore, groundwater flows did not
cause any great problems during construction of the powerhouse. Those
goundwater inflows which were present were relatively small, localized
affairs, which were controlled by french drains, described in Section 10.0-
PH of this report. Foundation relief wells and weep holes are also
described in Section 10.0-PH.

9.4-PH Special or Unusual Corditions: The foundation of the Richard B.
Russell powerhouse was found to be rather straight forward from a geologic
point of view and no utiusual nor unexpected conditions were encountered
during construction.

'6
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10.0-cD FEM()AMCN~ TFOMM2r CCNMMX DMi
10.1-CD Grouting Prior to Concrete Plaements A " to 4" thick seawfilled with mud, decompoed rock, and rock fregNMnts was exposed in Block 22

and during rough cleanup in that block was chased into Block 23. The
initeded method of treatment w to remove the seem. and rock above it.
However, as this excavation proceeded deepe into Monolith 23. the seem
groved to be tighter. Fresh rock chis, such as are produced by blasting,
ware the only fill ng. Baring logs indicated that this seem probably did
not extend past a metadiabase dike which crossed the block diagonally about
25 feet from the existing face. Due to the change in thickness and
character of the seem, it was decided to leave the 4 feet of sound rock
above the seem in the foundation and grout the remaining open portion.

Modification P023 was issued to provide for this operation. The
contractor was directed to:

1. Drill fifteen 3" diaeter holes through seams.

2. Wash holes and intersected seaw until wash water return is clean.

3. Grout 1-1/2" diameter pipes into the holes.

4. Construct french drains at the excavation face. Install 2-1/2"
diameter return pipes.

5. Fabricate and install "Box Type" uplift cell in lieu of cell #24.

C6. Place plug pour over box cell and french drain.

7. Clean surface of affected area to allow observation of joints and
fissures.

8. Using a 1:1 mix, begin grouting pipes as directed. If grout return
from any bole is noted, cap off that hole. When inamum pressure of 15 psi
is reached and held, cap off that hole and connect to next bole as directed.
Continue until return or refusal is obtained in all holes and 2-1/2" return
pipes.

9. Ebur (4) hours after grouting, wash out uplift cell holes to full
depth.

10.2-CD Curtain Grouting: The concrete dam grout curtain is a single
line, three zone curtain with holes spaced 5 feet apart. A few quaternary
holes were drilled 2.5 feet away fron existing boles where communication or
high tams wranted. Thee holes ware drilled through 3" sleeves
(positioned prior to concrete placement) angled 15 degrees fran vertical in
an upstream direction perpendicular to the dan axis. The uniformity of the
curtat, as described was interrupted in three places. Jt both ends of the
dam, grout holes ware fanned out to provide for overlap with the curtain
grout boles under the earth embankments. These holes were drilled at
variable angles in a vertical plane along the dan axis. Spacing on these
holes wa two to four feet. They are depicted on Plates 51 and 52. The
grout curtain :L lonolith 28 was also irregular. This monolith was lowered
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drastically during excavation, while Mmolith 29 was left at original design
grade. The grout curtain in this area %muld hmve had a large "window whee
the collar elevation of the grout holes stepped up over 40 feet if the
original deign were followed. The inspection gallery ws redesigned to
inclK a *T shaped appedix, with the crosspiece of the T running parallel
tn the 28-29 atepup face. Horizontal, 20 degree, and 45 degree holes ware
used to overlap the curtain holes originating in. Block 29. Three holes ware
added on the stair fran the original inspection gallery to Monolith 29.
This is depicted on Plate 52.

Constructiom of the curtain was done from a working (inspection) gallery
aPirosinately 5' above the design rock foundation. The sequence of work was
to drill and grout holes on 20-foot centers in the first zone (40' deep),
then to split with secondary holes 10' away in the same zone, then to split
with tertiaries 5 feet away. The second zone (80' deep) was completed in a
similar mner with primary and secondary holes, and the third zone (120'
deep) was completed with primary holes only. These holes ware further split
on either side when the hole crmmicated with others over a considerable
distance or where the hole took ten bags or more of grout in that zone.

Grout holes ware drilled with air-driven CP-65 drills using diamond-set
coring bits, 1.5 inches in diameter, with water as the drilling medium. The
metadacite and quartz porphyry were very hard, drilling more slowly than
western (U.S.) quartz nzonites and granites according to drillers who had
worked in these rocks. Rates for the first 5 months of grout hole drilling
aNeraged 12 feet of redrill (through the cement-bentonite mix described
below) and 36.2 feet of rock in an 8-hour drill shift. The original face-
set bits used often lasted only 4-10 feet, so the contractor went to an
impregnated coring bit to prolong bit life. This did not, howver, improve
drilling rates much.

After drilling, the holes ware washed and pressure tested. When a hole
had been drilled to full depth it was washed for a short tine through the
drill string to get the cuttings out of the hole. Following this, the holes
ware pressure-tested with water for 5 minutes, using the maximum allowable
pressure. If the hole cumumnicated with another, it was washed until the
exhaust water was clear.

When holes within a specific reach of curtain had been drilled, washed,
and pressure tested, grouting operations began. Bentonite and water were
mixed in a paddle-type miaer located outside the dam, then routed through a
Galigr cetrifugal pump to thoroughly mix and hydrate the bentonite.
C.mowt ws then added to the water-bentonite mix in the same mixer. Fron
the mixar, the grout was dumped into a large (30+ cu. yd.) sump. A
constantly-circulating grout line (driven by a Moyno pump) made up of high-
pressure hoe and 1-inch pipe then took the grout from the plant t- - -igh the
working gallery back to the suip. The grout was screened prior _ering
the sump.

Grout mixes ware ccupased of varying amounts of portland cement and
water with beatonite. Water/cament ratios varied from 5 cubic feet of
water: 1 bag (94 lb.) of cement to 1:1, with the average mix being placed in
a Yoxietely 3.5,l. The contract provided for bentonite to be added at a
rate of 4% (by weight) of the cement in the mix. However, experimentation
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showd that 2% bentonite gave a better strength with nearly the same low
shrinkage ratio as the 4% mix. The 2% bentonite mix with portland cement
and water was used throughout the job.

Grout vis carried from the circulating line to the hole by mems of a T-
shaped heedar nde u of iron pipe, valves, ,and high pref re hoe.
The crossbar of the T was hooked into the circulating line with a valve to
ontrol the exhaust side of the T and to mteitain pressur, in the su? I

line at as high a level as required to grout. The lower part of the T was
hooked into the hole by means of a high pressure hos and a packer. Grout
frm the supply line went through a cutoff valve and a gauge (equipped with
a gauge-saver) before entering the hose and packer. Pressure in the hole
was maintained by the valve and monitored by the gauge during operations.
Mchanical and pneumatic packers ware used to connect the grout line to the
hole. Mechanical packers were used in all holes and all zones, while
pneumatic packers ware used in the first zone of hole 8+27 and all holes
with higher numbers (east fra. there to the South Carolina abutment) for
reasons stated below.

After the extensive leaks described below in this section were
encountered, it was decided to grout the rest of the holes (holes fron
Station 8+85 to the South Carolina end of the gallery) in two steps. A
pneumatic packer would be set just below the concrete/rock interface and the
hole grouted at maximum pressure starting with a thin 5:1 mix. After the
hole refused (took 1 foot or less liquid in 10 minutes), the pneumatic
packer was withdrawn and a mechanical packer fixed in the grout nipple at
the collar. The hole was then grouted a second time starting with a 3:1
mix. In this way, it was hoped we could get the curtain grouting done in
the nmai my, and then grout any voids in the concrete with a thicker mix
since consolidation grouting was what we desired here.

Pressures used during grouting ware held to a maximum total pressure of
40 psi in the first zone, 80 psi in the second, and 120 psi in the third.
Gauge pressure was calculated as nmxinum total pressure minus the weight of
the full column of the grout being used at the time. The pressure at the
header gauge was thus varied with the mix being used at the time. For
example, in the third zone, a mix of 5:1 grout would be pressured an
additional 58 PSI, while 1:1 grout in the same zone would be pressured an
additional 33 psi. When grouting in the first zone was done within 100 feet
of any uplift cell, that wall was pressurized to 15 psi. In most cases,
this seemed to prevent grout infiltration into the uplift cells. Where
grout was seen in uplift call lines, the line, and hopefully the cell, was
washed out with water immediately after grouting.

Pertinent data on grouting operations beneath the concrete dam is
summrized on Plates 51 and 52. Hole numbers used on the charts and in the
text of this report ware assigned on the basis of stationing along the dam
axis (Station 0+00 is against the gallery wall in mnolith 1). The true
location of a grout hole is usually within .5 feet along station of this
index in the upstream gutt-r. However, where the working gallery runs
rpendicular to the axis (making all holes essentially at the same station)

the holes are numbered consecutively until one hole corresponds with its
staticn. Then stations and nutmers are again essentially identical.
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Duing curtain grouting operations, WS had several problema with leaks. -I We noted comunication of grout holes with conistructiorn joinits (the joint
between Blocks 2 and 3 and the joint betwwi Moknoliths 4 and 5), drain hole'isnipples prior to drilling of the drains (several places throughout the dan),
po rea ai the gallery floor (in Blocks 1, 26, and 27), and outside the

J dam.

Three of these l eak may be of importance lacer. During pressure
testing, hole 0+10 in the Georgia abutment fan caumziicated with the area
outside the don iwtare fill was being placed. Fill placement was
discontinued to allow excavation to and investigation of the l.eak. Concrete
was removed for a few inches into the leak to reveal a pipe which was
carrying water into the fill. It is probable that the grout hole, some 26
feet fran the end of the dam 'as connected to the outside throughi a lift
line (possibly through Ohoneyvcmtled' concrete or a rock pocket) to a bracing
pipe which had hold up a form during concrete placement. Water unider
pressure had infiltrated through this connection, broken through an inch or
less of concrete over the pipe opening, and penetrated the fill, collecting
on the surface. The leak was repaired by fully excposing the pipe, attaching
a valve thereto, and grouting the connection with 1i1 grout.

Hole 16+93 near the Mxooith 28/29 construction joint also showmed wide
communcation. When zone 1 of this hole was drilled, the driller reported a
4--6- tool drop. Pressure testing of the hole revealed commication with
another grout hole aid an uplift call in Block 29. Later testing with dy'ed
water shysed that the hole also commicated with a hole in the "crosspiece"
of the T-shaped gallery in Moknolith 28 and with a drain wnich ran along the
28/29 stepup face. This hole was grouted with 1:1 grout pigmented with iron
oxide powder. An exploratory hole drilIled later intersected 4' of the
brick-red grout in a natural sa. This hole was drilled in the area where
the probable relief joint in the South Carolina abutment terminated. The
hole probably intersected the joint, affording connection with another hole
which penetrated the joint and with the drain along the concrete-rock
interfac.

Hole 18+03 also had a connection to an area outside of the dam. Duiring
drilling and water testing of this hole, workmnen on the earth emb~ankment
foundat ion preparation crew noted water coning from underneath dental
concrete near the downstream termination of the construction joint between
Mnoliths 30 and 31. The location of the outside leaks was noted arid
mnitored during grouting of this hole. Th points of leakage quickly
becam wet when zone 1 wsbeing grouted with the menchanical packer.
Although we started with a 5:1 mix, no cement was noted at the leak
locations. Only (apparently) clear water came through. '.ne hole probably
penetrated a thin vertical joint or seem in the foundat ion which continued
into the earth eankiiment foundation. The sean was apparently wide enough
to allow water to puss, but tended to filter out cement particles from the
grout. Two quaternary holes drilled 2.5 feet to either side of hole 18+03
took only enough grout to fill the hole volum.

Two mistakes made during grout ing should be nentioned. A hole drilled
near the Monolith 7/8 construction joint penetrated the edge of the copper
water-iop in that joint. As soon as the care (containing a semicircle of

coprsheeting wrapped around a section of anchor rod) was pulled, the hole
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was terminated. After we determined wat the drill bit had cut, we grouted
thi hole with a thick, sanded grout mix and drilled the hole 1 foot farther
awy Frg the contruction joint.

Hola 15+71 ruptured the 141 pipe which cased tim invertad plum bob hole.
Tlis hole was pl ed to go 1 foot to thm South CarolAna side of the IPB
pipe. However, *Am it w drilled, the bit intersected tm pipe
tangentially, cutting an elliptical piece of matal from the circumference of
the pipe. This w not discovered until grouting of the hole began. Asson as the mitk wa dicvee, grouting me stopped and the pipe was
washed out. The hole ws repare by using a large peckr to seal off the '

IN pipe and filling the grout hole with a thick, saed grout mix. Hole
15+71 w redrilled aproximately one foot away from this filled, partially
penetrating grout hole.

The nacmnu distance over which hole to hole communication was noted was
ia tely 100 feet, when grout pumped into hole 0+81 exited hole 1+80

and several intermediate holes during third zone grouting. Communication
over 60 feet or .ze was rare and over 20 feet or more unco.mm.
Commnication between grout holes and other structures include the following
(where a structure is called simply a drain", it is an urxrilled drain
nipple): hole 0+10 and outside the dan (previously described), hole 0+14
and a porous area in the gutter and gallery floor, 0+66 and the gallery
floor, 1+00, a drain, and the M2/3 construction joint, 2+18 and the M4/5
constructio joint, 3+39, a drain, and an angled pipe coming up into the
gutter on th stairway fra, a constructed drain betwen Blocks 7 and 8 (this
drain was grouted up), 3+52, the roof of the stairwell, and the upstream
face drain closest to the hole, 5+11 and an uplift cell in Block 10, 6+01
with the two closest drains, 8+30 and a drain, 8+40 and a drain, 8+50 and a
drain, 9+45 and a drain, 9+65 and a drain, 9+69 and a drain, 15+61 and a

drain, 15+71 and an IB hole (previously described), 16+32 and a drain,
16+80 and an uplift cell in Block 29, 16+93, a constructed drain, and an
uplift call in Monolith 29 (previously described), and 18+03 and outside the
dam (previously decribed).

Table 10 summarizes actual and planned quantities used during concrete

dam grouting. It is obvious from this table that less drilling was used
than planned, less grout was used than expected,, a lower grout
plammt/drilling ratio than expected was achieved, and the average grout
mix wa placed at less than a 3:1 w/c ratio. In spite of these things, the
integrity of thi grout curtain sem to very good. Reasons for this
evaluation we the following: exploratory drill holes along the curtain
showed no ungrouted open joints, uplift arrays in Monoliths 10 and 23 showed
lower pressure downstream behind the grout and drainage curtains during
tines that water behind the dam was appreciably higher than the Clarks Hill
Lake level, split spaced holes usually took little or no grout, and an
investigation to determine the reason for the anrmilous leakage described
above semed to indicate that the curtain was doing its job. Possible
reasons for the grout underrun are: (1) the majority ot' the weathered, open
jointed rock w rnmod, particularly in the abutments, (2) rock in the

-' spUilW and intam sections was not deeply weathered and the top 5-10 feet
of rock wsremoved (5-7 feet below design grads) due to existing (probable)
relief joints, and (3) the matedacite exhibits fewer joints than the higher
grade gnsiss and schists of the Clarks Hill, Hartwell, and wast Point Dems
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TABLE 10

RICHARD B- RUSSELL

CONCRETE DAM GROUTING

AS OF 1/1/82

Ca) ESTIMATED QUANTITIES

GROUT HOLE DRILLING - 46,500 LF

PLACING GROUT - 12,000 CF

GROUT RATIO - 12,000/46,500 = 0.258 CF/LF

(b) ACTUAL QANTITIES

GROUT HOLE DRILLING - 38,316.5 LF

REDRILL - 8,030 LF

GROUT HOLE DRILLING (ROCK) - 30,286.5 LF

PLACING GROUT - 1269 CF

GROUT RATIO - 1269/30,286.5 0.041 CF, LF

C DRILLING IS 82% OF BID ESTIMATED QUANTITIES (65% BASED ON ROCK).

GROUTING IS 11% OF BID ESTIMATED QUANTITIES.

(c) PLACEMENT

HOLE SIZE - 1 1/2 INCH OR 0.125 FEET IN DIAMETER

VOLUME OF HOLE - *f X (0.125/2)2 X 30,286.3 CF372.3

AVERAGE MIX USED 3.5:1 (WATER/CEMEMT RATIO)

1269 CF SOLIDS (5076 CF MIX) PLACED IN 372.5 CF OF HOLE

OR 372.5 CF SOLIDS WERE USED TO FILL THE HOLE AND

896.5 CF SOLIDS INJECTED INTO THE ROCK.

29.3% OF THE GROUT WAS USED TO FILL THE HOLES.

70.7% OF THE GROUT WAS INJFCTED INTO THE ROCK.
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upon which the estimate me based. If the spill.ay fousdatin had been I
excavated to original design gade, the open relief joints would have taen(a considerable amount of grout and ti Probable communication and high takes
would ham required more split spaced hol , increasing the amount of
driling also. Sinda considerations p y to the South Carolina abutment.
The specifications state that betwen Station 9+95.5 and Station 18+57.5,
2-1/2-foot spacing is anticipated within the first zone". The actual
condition of the foundation rock ws fresh, hard, and umiathared with most
joints and seems tight. These tight fractures in the rock would take thin
grout mixes, probably filtering out oment particles near the curtain as
observed in the outside cmniication with hole 18+03. If this cocjecture
is true, the grout remaining in openings near the curtain holes should be
more substantial than the 3.5:1 average mix would indicate. In any case,
thi final verdict on the grout curtain will not be in until filling of the
reservoir and tin reveals the t. results. Aditional analysis of curtain
grouting is given in Table 9, pages 48 and 49.

10.3-CD RaIEM Provisions: Contract Specifications provided for 2-V7/8 inch diameter (minimum) holes to be dri ed at a 15 degree angle from
vertical in a direction dowstrea and perpendicular to the dam axis. These
holes ware collared in the dowstrean corner of the working gallery in small
tributary gutters rulning perpendicular to and ending in the upstream
gutters. They were drilled with rotary equipment and diamond bits of NX
size to a (vertical) depth of 75 feet on 10-foot centers. ater from these
holes runs through the tributary gutters to the upstream gutters and down to
sumps in Monoliths 9 and 19 whare it is pumped into Clarks Hill Lake.

10.4-CD Dental Concrete and "Broom* Grouting: No dental concrete was
used on the Russell dam foundation. The foundatim surface over most of the
area 's irregular aid had considerable relief, but the low areas were
usually large enough to allow for a *plug" pour prior to mess placement.
Where there ware narrow depressions in the foundation, concrete inspectors
would call for a bucket of concrete with smaller (usually 1-1/2-inch)
aggregate and mre oamentitious material. This bucket would be placed in
the depression after application of the basal grout mix.

The basal grout mix usad for "broem grouting on the Russell foundation
a composed of 2187 lbs. sand, 629 lbs. cement, 164 lbs. fly ash, 470 lbs.

water aid 5-1/2 oz. air entraining admixture (per cubic yd.). It was swung
into tim placemnt area by gantry cranes (usually) 1-2 yd. at a tine. This
mix m Placed on the wet foundation rock just ahead of concrete placement
and *broomed" into any existing cracks and crevices.

10.5-CD Other Treatment and Problems Problem with flaws in the
foundation rock, water, etc., h been dealt with in this report under
sections covering the part of the work they affected. The only treatment
which has not been covered is the adjustment made due to the abrupt
irregularities in foundation topography. Throughout the job, where a stepup
face existed, the face w- removed if the angle of the face was such as to
prevent good vibration of the mss concrete. Also any Wnarp corners were
remved to avoid focal points for stress cracks in the concrete. An
additional adjustmemnt nso during construction (after recommendation by the
District Structural Section) me to use 3-inch, 2000 lb. mass concrete on
tim foundation and to limit lift height to 3 feet, rather than the usual

69

m m -mm -m m I J - - -



7.5, where foundations were very irr gUlar. This doe on the South
Carolina abutment nunoiths and snmin the spiliwy and intake areas.
Prior to this change, a 6-inch, 2000 lb. mass concrete had been used.

10.0 FOUNATION TMADf - DANIMITS

10.1-EE Foundation Grouting: A grout curtain was installed beneath the
earth emankments to prevent or slow down saepage; to incease the length of
the fw lines through the foundation; and to attempt to fill al., open or
partially open joints and other openings within the foundation rock. Plates
84 and 85 ahw the grouting layout in plan viwe, while Plates 86 thru 92 are
profile of the grout curtain for selected areas. Rfer to Table 11 for a
summary of earth embanment grouting. In adition to the curtain grouting
described in this section, Section 7.1.4-EE describes the consolidation
grouting program which was utilized in the diversion channel to consolidate
the fault zone encountered there.

Initial grout plans called for a single-line grout curtain parallel to
and 10 feet upstream of the dan centerline with grout holes angled down-
station at approximately 20 degrees from the vertical. Ecept between
Station 14+20 and Station 18+20, it was anticipated that the grout curtain
would extend to a depth of 90 feet (Zone 3) for the primary (set 1 on 20-
foot centers) holes; 50 feet (Zo 2) for the secondary (set 2, split-spaced
on pimaris) holes; and 20 feet (Zone 1) for the tertiary (set 3, split-
spaced on secondaries) holes. Between Station 14+20 and Station 18+20 (the
diversion channel crossing) a fourth zone was added for a total depth of 125
feet for the primary (20-foot centers) holes. Zone 3 (90 feet) holes were
on 10-foot spacing and Zones 1 and 2 were on 5-foot spacing. Aditionally,C the 20 degrees west inclination of the grout holes was waived in lieu of a
transitimo fan to a 20 degrees easterly pattern. This change was necessary
for advancing the grout holes into the opposing slope on the Georgia east
side of the diversion channel. As the curtain progressed from west to east,
the orientation reverted to 20 degrees west once grouting from a relatively
*flat" surfac resumd (Station 16+20 approximately), see Plate 89.

10.1.1-EE Mliltigle Grout Lines: Multiple grout lines were used where
grout takes for the "A' line so indicated. Th second grout line (the "C"
line) was placed on the dam centerline and the "B' line was located halfway
between the "A" and "C" lines (reference Plates 84 and 85). Holes of
djac nt lines were staggered relative to hole stationing on nearby lines.

In the event m r than three lines were required (as shnm on Plate 84, the
additional lines were located upstrewn of the 'A line. In no instances
were grout lines pernitted dowstreamn of the dam centerline except for the
consolidation grouting of the diversion channel fault zone (see Section
7.1.4-15 of this report and Plate 108 for details on consolidation
grouting).

10.1.2-EE Grouting Procedures% For a given section of grout line, ill
primary holes were drled, p washed, tested to Zone 1 depths, and
grouted. If grout takes indicated the need for split-spacing, secondary
holes were driled and grouted as for the primary holes. Any acdditional.
split-spaced holes were thme aded and the process repeated until Zone 1 was
aocepd as; being completely grouted. After Zone 1 was accepted, the
process was repeated for Zones 2. 3, and 4 in order (i.e., all primary holes
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TABLE 11

RICHARD B. RUSSELL

EARTH EMBANKIENT GROUTING

t AS OF 4/1/82

(a) ESTIMATED QUANTITIES

GROUT HOLE DRILLING 40,000 LF

PLACING GROUT 5,000 CF

GROUT RATIO 5,000/40,000 0.125 CF/LF

(b) ACTUAL OUANTITIES

GROUT HOLE DRILLING 81,059.9 LF

REDRILL 27,993.5 LF

C GROUT HOLE DRILLING (ROCK) - 53,066.4 LF

PLACING GROUT - 10,584.2 CF

GROUT RATIO - 10,584.2/53,066.4 = 0.199 CF/Lr"

DRILLING IS 202.6% OF BID ESTIMATED QUANTITIES (133" BASED ON ROCK).

GROUTING IS 211.6- OF BID ESTIMATED QUANTITIES.

(c) PLACEMENT

HOLE SIZE - 2 1/2 INCH OR 0.2083 FEET IN DIAMETER

VOLUME OF HOLE - Tr X (0.2083/2)2 X 53,066.4 = 1808.4 CF

AVERAGE MIX USED - 2.5:1 (WATER/CEIENT RATIO)

10,584.2 CF SOLIDS (31,752.5 CF MIX) PLACED IN 1808.4 CF
OF HOLE OR 1808.4 CF OF SOLIDS WERE USED T) FILL THE HOLE
AND 8775.8 CF OF SOLIDS INJECTED INTO THE ROCK.

17.1% OF THE GROUT WAS USED TO FILL THE HOLES.
82.9% OF THE GROUT WAS INJECTED INTO THE ROCK.
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within a section of the grout curtain Were grouted follcwd by secondaries,
tertiarie, and quaternaries likewise. Zone 1 was completely grouted before
Zone 2, md Zone 2 was grouted before Zone 3.

Grouting always proceeded from the topographic low point to the high
point within a section. No drilling nor washing was pezmitted within 200
feet of a previously grouted hole until after a waiting period of at least
24 hours had elaved since injection of grout. This requiremnt was later
relaxed to 100 feet without ill effect.

Grout hole drilling was performed with air-track drills using air and

water as the drilling fluid. The hole was 2 inches in diamter and was
drilled through a 3-inch diameter steel pipe which was seated and grouted
into the rock. Four-inch casings were used where grouting through
holes atzgred to refusal. This proved unsatisfactory as communication was

noted %mn the first zone was drilled for grouting. Later holes in these
areas were drilled for a short distance into rock, then stage grouted with a
1:1 mix. This usually prevented communication through thm overburden, but
it is Ikely that there was scme erosion and possibly sane htdrofracturing
at the overburden/rock interface during drilling of this first stage. A
procedure whre casings are drilled through overburden under low pressure
and seated in the rock in one step should be used in future contracts. The
casings ware cut off at the grotd surface prior to fill placement.

After drilling and immediately prior to grouting, all grout holes ware
washed with air and water injected through a pipe which was lowered to the
bottom of the hole until the return water was clear ar d contained no
cuttings or joint filling mterial. After washing, the holes were pressure-
tested with water at pressures not to exceed 1 psi per foot of hole depth
until all return water iAs clear. For those holes in which the maximum
allole pressure could not be obtained, the holes were washed for 5
minutes with the pumps operating at naxinum capacity.

Once al. the holes had been washed and pressure-tested within the
section to be grouted, grouting opera* -s began. Grout was injected
through a packer which ws set in -.inch diameter steel pipe nipple.
Pressures going into the grout hole ware controlled at the grout header (at
the packor, see Plate 112 for grout header arrangement) with grout being
circulated cotinuotly. This arrangemnt prevented the solids from
rS tling out of suspension and ensured a homogwxxou grout mix. Likewise,
i. -a aurate control of the down-hole pressures was obtained.

Grout mi es ranged from 0.6:1 water to cument ratio (by volume) to 5.0:1
vater to cement ratio with 2% bentonite (.02 x cement wt.). Normally,
grouting began with the thinnest mix (5:1) and was thickened only if grout
takes indicated the need for such thicker mixes, so as to obtain refusal.
On som grout holes with abnormally large water takes during washing and
testing, a 3:1 grout mix was called for initially rather than the 5:1 mix
which as the "normal" initial mix.

lefusal criteria for a given hole was coraidered wet if less than one
cubic foot of grout at the nennun allale heider pressure could be ped
into the hole in a ten minute tine period. Upon obtaining refusal for a
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zon. the grout ~ms allowed to achieve its initial set and the hole was then
wa£ thad out (excpt wen takes iere higher than nomal so as to pecluds the
rrment for redrilling that particular zone. If the hole ws complete
after reaching refusal, washing of the bole uas not perfosvd, but rather
the hole me bacfilled completely with grout and allowed to set. Upon
comp3etion of a bole, the steel Pipe nipple ws either reoved or cut off
eve with th eround surface. FR a graphic description of gmneral grouting
proc refer to Plates 110 and 111.

10.1.3-U Effectiveness of Curtain Grouting: A visual inspection of

the downstream urbanimun toe areas couild be UIciative of thm success of
the grout curtain. The absence of unusual seepage on th downstream sides
of the embankmnts can be attributed at least in pert to a comrebwrsive
grouting progrm. Mbre inforstion regarding the grout curtain's 4
effectiveness will be nef available when the ftbanisiunt Criteria and
Perfoznarm Report is completed.

-,10.2-UE Fbdation 2Cpactiocn and Consolidation: Consolidation of the
hanging will of the diver-ion channel fault ws achieved by grouting. This

Soutina Operation is described in Section 7.1.4-EE of this report.

10.3-EM Dental Concrete: Dental concrete ws used to fill narrow
depressions formed by blasting, ripping, or dental excavation, and against
vertical or overhanging rock ledges. Dental excavation was performed on all
deeply weathered or extremely shattered rock (primarily vertical nafic
dilas) wing hand tools and/or loader-backhoes. A Cat 245 hydraulic
excavator us used in the diversion channel for dental excavation of the
fault. The depth of excavation criteria used ws generally to excavate to a
depth equal to two times the width of the excavation. The concrete used was

* a 2500 psi ready-mix which uas vibrated and wood trowel finished. A low-
Sslump mix as used for the fillets and a slightly higher slump as specified

for dail excavations. Forms wre not normally required, but a toe board was
used for fillets over about three feet in height. Section 7.5-EE of this
report describes a large (244 cubic yards of concrete) fillet which was
required in the South Carolina erbanirmt cutoff trench. Contract
quantities for both dental excavation and deital concrete ware entirely too
low and resulted in large oerrums (see Appendix G, Variations In Estimated
Quantities). For further information about locations that required dental
concrete placement refer to the Embankment Criteria and Performance Report.

10.4-UE Fibrous Shotcrete Treatnent- Upon completion of all other
form of foundaticn t t, a fibrous reinforced shotcrete was applied tothe surface of all firm and fractured sound rock. The intent ws to

minimize the possibility of the highly erodible unpervious core material
from being trarported into openings in the foundation rock. The material
us a dry-mix of sand, cement, and steel fibers applied pneumatically with
water added at the nozle. Specifications called for a minimum of 3 inches
Of shotcrete; any test revealing less would require an additional 3 inches
at the contractor's expense. There was no specified restriction on maximum A

t nes. In generally flat areas, the measured thickness as normally 3-
1/A to 3-1/2 inches (contractor used 3-inch long nails as thickness guides). 4
However, in irregular surface areas with abrupt changes, thicknesses on the
order of 6 to 8 inches were not uncommon in one spot in order to obtain 3
inches on an adjacent higher spot. Consequntly, many abrupt details were
eliminated through the use of shotcrete. Meny of these areas would have
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needed slush-grouting or mortar treatment if shotcrete bad niot been applied.
Test bam ware me and cured in the field. Further information about
areas that ware shotcreted wiLl be inclufd in the Embankneat Criteria and
aerfon eIport.

Testing of the sotcrete product um specified to be through the use of
pnala, beams, and cores. Cnly the cores sav]ed the in-place shotcrete.
It ma dtermined aftfr a few days that the panels were of very little
benefit on a daily basis once a nozzle operator had been approved. It was
mre duirable to obtain core samples to monitor thickness and coisistency.
Proz=ticn rates mum initially only 1 to 2 cores per week. Therefore,
daily pane' ware discontinued and daily cores substituted. Of the 116
cores driLled, only 1 revealed less than the required 3" (2" -or recovered,
this area re-shotcreted).

Laboratory testing of the shotcrete was performed at the South Atlantic
Division Laboratory. Sbotcrete beams and cores ware selected for testing
after field curing. Normally, ages of 7, 14, and 28 days ware selected,
although other ages ware occasionally tested. Beams were tested in flexure
and in unconfined cospression. Tables showing shotcrete test results are
contained in Appendices D thru F.

10.0-PH PaRMATUV THAM49 - PCWEMOJME

10.1-PH Powerhouse Foundation Grouting: Unlike other grout programs at
the Russell Project, the powerhouse foundation was grouted for the purpose
of foundation consolidation rather than for control of subsurface flows.
This being the case, grouting was performed in only one stage with all holes
being the same depth. The distribution and locations of the grout holes are
shown on Plate 125 and Table 12 lists pertinent data.

The physical location of the grouting was downstream of the service bays
and between the draft tubes of each unit. After rock excavation for the
unwatering trench, these areas formed "noses" or protrusions of rock which
were eventually encased by concrete. The rationale behind leaving these
prortrusions rather than excavating them and bacfilling with concrete was
based upon an engineering economics analysis which conclrled that it would
be 1- cost effective to leave the rock and grout rather than rmove the
rock and replace it with concrete. The rationale for grouting the rock was
based upon the fact that the rock, rather than being a homogeneous ness,
consisted of a finite nmber of discrete joint blocks with varying amounts
of point contact, and since thes areas would be subject to vibration from
the generator units it was deemed advisable to consolidate them so that
their behavior would approach that of a homogeneous mass.

To achieve this omogensity, it was determined that a portland-cement
based, non-shrink, non-expansive grout would be satisfactory from the
standpoint of both aconomy and effectivieness. The contract specified that
the grout would consist only of water, Type I portland cement, and
unpolished aluminum powder and that the proportixns would be designated by
the Contracting Officer. This wording of the specifications proved to be
very fcrtuitous as it allowed project personnel considerable leeway in
adapting the grout mix to the conditions encountered.

Cbservations during grouting operations together with intimate knowledge
of the geologic characteristics of the project site le-4 to the conclusion
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TABLE 12

S TABLE OF GROUT DATA FOR POWERHOUSE

No. of Holes 177 Holes (each 30.0 feet deep)

Linear Footage 5310 feet

Total Grout Take 374.72 ft.3

Lowest Take/Foot 0.0 ft.3

Highest Take/Foot 1.23 Et.3

Mean Take/Foot 0.0705 ft.3

Standard DevJat~on 2.1492

Total 2rout Take as Percentage .f v./ernmen- Estimate -
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that the grout program objectives have been fully met. The success of the
program was largely due to the manner in which thb specifications we
written (see preceeding paragraph for summry) arv it is suggested that
careful consideration be given to the idea of writing future grout
specifications in a similar fashion as opposed to specifying X number of
bags of a specified mix before being allowed to switch to a new grout mix.
It is felt that design objectives can often be met a lower cost and in less
time if the field personnel are provided with flexible and non-confining
specifications.

10.2-PH Foundation Drainage: Ebudation drains in the powerhouse
structure are designed to intercept and divert any subsurface waters whosehydaulic potential is great enough to Pose hydrostatic uplift problems.

The fotdation drainage system is composed of three main types of elements.
The first of these is the system of relief wells drilled into rock
underneath the service bay and draft tube floor slabs. Plate 126 depicts
the location of these drains while Plate 129 depicts typical profiles.
These drains are 3-inch diameter holes drilled forty feet into rock and are
designed to intercept, at depth, any groudwater which may be influenced by
either Clarks Hill or Richard B. Russell inpoundments.

The second type of drainage elemnt utilized in the powerhouse is a
system of waep holes which extend through the draft tube floor slabs and are
connected to collector boxes which are installed at the concrete/rock
interface. The collector boxes are half-round corrugated PVC, concave up,
which were installed over open joints in the foundation rock. To prevent
dislocation during concrete placement, these boxes were pinned to the rock
with short lengths of re-bar and sealed against intrusion of concrete by
cement mortar. Plates 126 and 129 show the locations of the weep holes and
typical sections of the collector box system.

The thixd drainage element is located in the erection bay substructure
wall and the tallrace hang-on wall. Weep holes through the tailrace wall
and a lateral drain along the erection bay wall were designed to liuit the
backfill saturation level to three feet above tailwater for normal
conditions.

10.3-PH French Drains: In those areas of the powerhouse foundation
where in-flows of wter occurred, french drains ware installed prior to
placement of concrete. The riser pipes ware extended as high as necessary
to overcme hydrostatic head and when concrete had been placed to this
level, the drains ware grouted to refusal (when only one riser was utilized)
or until grout return through the second riser (in the case of extensive
liner in-flow zones) was achieved. The majority of the french drains w're
installed in the bottom of the unwatering trench where sub-horizontal relief
joints day-lighted in the walls of the trench. In those cases where only a
vertical large-diamster pipe was sufficient to isolate the in-flow, a sump
pump was used to control the in-flowing water until concrete had been placed
above the piezmetric surface. once this was accomplished, a small diameter
grout pipe was installed in the drain, the pump was removed and the large
pipe was backfilled with a clean crushed stone and grout was pumped into the
drain until all water had been displaced and grout return at the surface
achieved.
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10.4-PH Foundation Preparation: Pry bars, wedges, jack hammers, and
water jets ware used in preparing the foundation for concrete. All loose
and drummy rock, rock underlain by clay seams, overhanging rock ledges, and
excessive staining and mineral deposits were removed under the direction and
supervision of the Project Geologists who had final authority regarding the
suitability of the foundation. Most areas of the foundation required
extensive rock removal due to the intensive jointing, the presence of
numarous shear zones, and the effects of blasting during initial excavation.
Once the foundation satisfied the Project Geologists, the areas were
photographed (see Appendix K) and mapped and the fourdation was approved for
rebar and concrete. Any excessive delays between foundation approval and
concrete placement required a second inspection and approval by the
Geologists imiudiately prior to placmet.

10.5-PH Foundation Mapping and AProval: The entire powerhouse
foundation area was mapped by the Project Geologists. Field mapping was at
the scale of 1:60 with the final nap (Plates 120-123) at a 1:240 scale. Due
to the nature of the construction sequene, the largest area available for
mapping at any one time was the service bay areas and so it was considered
that the use of a plane table and alidade was unnecessary. Instead, each
area was laid out in a 5-foot grid and geologic features ware located
relative to the intersections of the grid. Among those features plotted on
the naps were rock type, contacts, discontinuities, mineralization, and any
other features which were deemed to be of importance in the event of any
future foundation problems. Before mapping commenced, the foundation was
exanined by a Geologist and only after the foundation was considered to be
ready for concrete was it mapped. Foundation approval and mapping was
conducted from D er 1981 through August 1983 when the last of the rock
was finally covered by concrete. In addition, mapping of the tailrace slope
was accomplished in 1984, imediately prior to inundation.

I
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11.0 EUWNDATION INSTRU ATICN - CONCRETE DAM

11.1 Concrete Dam Structures: The three types of structures in the
concrete dam are: non-overflow, pow-r-intake, and a gated spillway section.
Bearing pressure on the foundation is less than 15 tons per square foot.
Sliding or shearing stress on the structures is less than 100 psi. These
loads are well within the capacity of the fotdation (refer to Section 3.5
for more details).

Plates 53 thru 56 show the design details and locations of instruments
that ware planned for the dan. Plate 57 shows final locations of
instrments. Fbtrdation instrumentation installed in the concrete dam
includes: Uplift cells in Monoliths 7, 10, 23, 26, 27, 28, and 29, side by
side plumb bobs and inverted plumb bobs in Monoliths 16 (inverted plumb bob
is 100 feet into the foundation) and 26 (inverted plumb bob is 85 feet into
foundation), and deflectcmeters (inclinometers) in Monoliths 27 and 28.

11.2-CD Purposes: Instrentation was implerented on this project in
order to maintain data on: (1) hydrostatic uplift on the foundation under
several of the concrete dam monoliths, (2) deflection and tilting of
individual monoliths, (3) rates of inflow of water into the inspection
gallery, and (4) seismic activity.

11.3-CD Uplift Cells: The locations of uplift cells in the foundation
were based on a random sample of the various type of structures above the
foundation and variations in elevations and conditions of the foundation.
The blocks and types of structures that were selected are as follows:

Block 7 - Georgia non-overflow.

Block 10 - Power intake section.

Block 23 - Typical spillway section

Block 26 - End block of spillway

Block 27 - South Carolina - non-overflow.

Blocks 28 and 29 - Variation in rock condition under South Carolina
non-overflow.

Uplift cells ware located from the upstream edges of the blocks to the
downstrean edges of the blocks in order to determine the variations in
uplift pressure from upstream to downstream. Uplift cells ware also locateo
both upstream and downstream of the foundation drains - Aetermine the
effectiveness of the drains. The uplift cells were pl -ea -n top of rock, 4
feet deep and 10 feet deep in order to monitor the upli nd4itions at the
contact plane and various levels below the foundation suriace.

11.4-CD Plumb Bobs: Plumb bobs ware installed in spillway end blocks
to measure tilting of the darn under reservoir loads. Inverted plumb bobs
ware also installed to determine if the pool and load from the concrete dam
effected the foundation. The measurement of the plumb bobs are compared
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against the alignment surveys to verify th accuracy of the surveys. The
data is used to evaluate the safety of the structure.

11.5-CD Inclinoaeters: Inclincreters were installed in Blocks 28 and

29 for the same purposes as the plumb bobs. Inclinameters are considerably
less expensive than the plumb bobs, but are at the sane time slightly less
accurate.

11.6-CD Seisnic Instrmentation: Earthquake instrumentation consists
of two strong-motion accelerographs, one Wilmot Seismoscope, and one peak-
recording accelerograph.

The strong motion accelerographs are activated by strong locally
occurring seismic activity. The data is recorded on 70 MM film stored in a
magazine inside the instrument. The unit is battery operated and its
triggering mechanism is electrically activated.

11. 0-E INTRU4E7rATION - EANKNM

Instrumentation prescribed for the earth embankments included open-
system type piezaoeters, gas-operated piezoeters, settlement plates,
inclinometer /settlement gages, surface reference monuments, and benchmarks.
Refer to Plates 113 and 114 for design locations of these monitoring
devices. Plate 115 contains installation and functional details.

The as-built locations and descriptions of the instruments actually
installed in the project (which differed somewhat from designed locations
and descriptions) will be assimilated into the Earth Embankment Criteria ano
Performance Report.
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12.0-CD PSSIBLE FUTURE PROBLEMS - CONCRETE DAM

12.i-CD Conditions That Could Produce Problems:

a. Relief joints in the Georgia abutmnt - These are described in
pevious sections. They are clean, irregular, and show good rock to rock
contact where exposed, so they were not considered to pose any structural
danger to the dam. Any voids should have been filled by grout
(c r mnication was evident along these joints during grouting operations).
However, any geologist examining the Russell Dam foundation should be aware
of their presence. If portions of these extensive planes ware incompletely
grouted, they could provide avenues for seepage.

b. The Monolith 28/29 step-up face - Block 28 was excavated much deeper
than originally designed due to weathered and deteriorated rock. A dike
swarm/sbear zone with evidence of multiple movement episodes cuts the face.
A near horizontal sean with clay and mud filling terminated irregularly in
Blocks 28 and 29. Triangular renants of this seam still exist in the
upstre&n and downstream corners of the Block 29 foundation on the west side
of the block. The grouting plan here was altered to cut off flow at the
face. Howaver, the area should be mnitored for excess seepage.

12.2-CD Recomended Observations: The areas mentioned above should be
nnitored for seepage. Uplift cells in Monolith 7 should be helpful for
observation of seepage in the Georgia abutment, along with the drains
downstrean of the grout curtain. The foundations in the Monolith 28/29 area
can be monitored by uplift cells in both blocks and in Blocks 26 and 27.
Drains downstream in these blocks and horizontal drains in the Monolith 29
face can also be observed.

12.3-CD Lessons Learned: Some effort should be made to require the
contractor who blasts rock to bear some of the burden of overblasting. In
order to do this, the point at which the work is split into different
contracts should be changed fra that used on this dam. A possible better
point might be at 5 feet above design grade. The excavation contract could
ue stopped at 5 feet above grade and the concrete construction contractor be
required to remove the last 5 feet of rock and to prepare the surface and
pl concrete. This wuld also have the advantage of allowing for minor
changes in design grade between inspection of excavation and bidding on the
construction contract. Alternatively, the excavation contractor could be
required to do all excavation and foundation preparation, then to place
concrete to 5 feet above design grade. Both of these changes would prevent
the problem of having a prepared rock surface spall and loosen in the time
between the presentation of the two contracts and would m-ininize claims and
other problem which arise when tun contractors have to operate in the same
area.

Another possible improverent in current Corps practice is the drilling
of probe borings as wall as core borings. In locations where the top of
rock is extremely irregular such as the Russell area, it is difficult to
delineate pinnacles of rock and pockets of soil. Until geophysical methods
becm discriminating enough to do this, it might be economically beneficial
to use a self-propelled drill rig such as an air-trac drill to probe to the
top of rock. With a surel diameter bit, drilling through overburden to the
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top of rock only, a high production rate and low unit cost could be
m intained. For every foot of NX core hole eliminated, at least 10 feet of
air-trac hole could be drilled. This would allow denser coverage, greatly
increasing the chances of weathered linear features such as faults being
discovered, and preventing material ovrtms such as that which occurred on
Class I exravation on the Richard B. Russell Dam. The usual splitspoon and
coring holes could be drilled to determine type, nature, and engineering
properties of materials and suitability of a specific site. Then a pattern
of probe borings could be made to determine top of rock topography and depth
of overburden. Finally, additional core borings could be made to explore
low spots and linear features which shomd up in the probe boring pattern.
Over 400 borings ware drilled for Line C along which the Russell Dam was
built. This expense could probably have been lowered, or at least more
information to guide design could have been gathered for the same price.

12.0-EE POSSIBLE FL3M PRBLEMS - E1BANQ4DM

12.1-EE General: The potential for future foundation problems which
might constitute a threat to the integrity of the embankment appears to be
very low. The probability of foundation conditions developing which would
create maintenance or aesthetic problem is not so remote.

12.2-EE Quarry Shear Zone: The only foundation area with a high
probability of developing into a problem which will require remedial
measures in the future is the Dravo-Groves Quarry shear zone. The Dravo-
Groves Quarry was operated by the concrete dam contractor as a source of
aggregate and other processed stone for the Richard B. Russell Pro3ect and
is located within the reservoir area near the South Carolina shore. Plate 3|

4indicates the location of the quarry relative to other features of the
project. Investigation by Government Geologists of a zone of sheared and
brecciated rock exposed by quarry operations resulted in the hypothesis that
this shear zone extends, in the subsurface, through the South Carolina
Saddle Dike foundation. The saddle dike was not founded on rock and no
grout curtain was installed under the dike.

Evaluation of the geologic investigation resulted in the decision that
no foundation improvement would be performed under the construction
contracts. This decision was based upon the stpposition that if any
remedial work were required that it would be more econoical to do so in the
future than to immediately engage in a large-scale foundation uiprovement
program when the need for such work was not evident. A system of weirs has
been installed in the ravines downstream of the sadle dike and flow rates
are being monitored regularly by Operations Division. If the flow rates
begin to increase over time, Engineering Division is prepared to initiate an
exploration and investigation program and to recommnd whatever remedial
work (if any) is required.

12.0-PH POSSIBLE rm PRBLEMS - POWERHuSE

The likelihood of any major problems developing in the powerhouse
foundation appears to be very remote. The only foreseeable problems would
be that sane of the relief wlls might become clogged for sae reason and it
is felt that this would not create a serious problem as the entire structure

f is wll anchored with an extensive network of rock bolts. Also, if the
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wels do becane clogged, it would be a relatively nunor operation to either
rea the existing wells or to drill new wels.
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